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Or the Dtmof^pMsm the EngKA qteoiea Niimmolite& 
Bf Mr J. J. LisniL 

[JBead 31 October 1904.] 

The author gave an account of his examination of the characters 
of three English species of Nummulites, N. laevigata (Brug.), varia- 
ioria Lam., and elegana Sow., with respect to dimorphism. 

De Hantken and de la Hai-pe called attention to the general 
uccurrence of Niimmulites in pairs in the same strata, and the 
pheDorneuou was referred to by them the * association of 
species.' 

Wb en in 1880 Munier-Chalmas propounded his view of the 
dimorphism ot" the species of Nummulites and of other Foramin- 
ifera, it was objected by de le Harpe that though association in 
pain was the rule, there were several instances of the occurrence 
of a single form ("privee d'une soeur") in a deposit; a circum- 
>tiood iniich, if established, would be difficult to reconcile with 
the theoiy of dimorphism. Although that theory is now firmly 
eiteUished the difficalty nuBod by de la Harpe appean never to 
have been met varviiUuria, in the Brackleeham feeds of White 
Cliff Bay, and N. efayiofi#» from the Barton Beds in Alum Bay, 
liave been described, as they oocar in these bed^, as snch solita^ 
fcnns, although in deposits on the Continent they have both been 
fixmd ssBOciated with a companion ' species.' It therefore seemed 
worth while to examine tiiem to find what support they might 
liave to ffive to de la Harpe's objection. 

In ai laemffoia the two forms of the spedes are rsadily dis- 
tinguished when fully grown, owing to the &et that the micro- 
Msnc form attains a much burger sise than the megaiospheric 
A ascti^ in the median plane of each huge specimens reveals an 

fOL. XUl. FT. L I 
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2 Mr Lister, Dimorphism of the English species of Nummulites. 

initial chamber (tlie microsphere) 17 — 19 in diameter, while 
sections of the sinaller form show that they sprang from an initial 
chamber nearly '5 mm. in diameter. 

In examples of the two other sjpecies firom the beds menttoned 
no sucb difference in the sise of the test is displayed ; bat when 
examined in section the individuals of the species are fbond to be, 
like most other Foraminifera, dimorphic in respect of the sise of the 
initial chamber. 

Among 134 specimens of N. varioUma thus examined three 
were found to be microsphenc, the diameter of the microsphere 
being 16 — ^19 In the remainder (megalospheric) the diameter 
of the megalosphere yaried from 88---96 the avenge diameter 



N, eUgcm among 94 specimens two were found to be 
microspheric, the diameter of the microsphere being 17 — 20 /i. 
In the others the megalosphere varied from 66 to 148/*, the 
average size being about 95 ft,. 

It is therefore clear that these species, far from invalidating 
tbe conclusion that the species of Nummulites are dimorphic, ore 
in complete accord with it. We have however to recognize that 
while in many species of the genus the microspheric form attains 
a rauch larger size than the megalospheric, in others the two 
forms attain the same size— a conriitioQ which is indeed tiierulein 
the great miyohty of the Foramiuifera. 
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On n Problem concerning Wood and Lignijied cell-walls. By 
H. MAiUiiiALL Wa&d» i^rofeasor of Botany. 

[BBod 31 Oetober 1904.] 

During past yean Dr W. J. Boasell has publiBhed several 

EkpeiB bnngiD^ forward the results of a remarkable discovery, 
e fiods that if bodies such as leather, cork, wood and numerous 
others, are allowed to lie on a sensitive dry photographic plate in 
the dark, for periods varying from a few hours to some weeks, the 
plate on undergoing development in the ordinary way may have 
an image on it^ in many cases of extraordinary sharpness and 
beauty. 

I am not here concerned with anv of his maDV interesting and 
important experiments, excepting those in which wood was em* 
ployed; and he has just summarised the results of his latest 
work in a paper in the Philosophical Transections of the Royal 
Society, Vol. cxcvii., Ser. B, pp. 281—289, entitled "On the 
Action of Wood on a Photo^phic plate in the Dark"*. This 
memoir, illustrated with a senes of exoellent plates, shows clearly 
the progress that the author has made towards the solution of the 
various qiicstions he has raised. Dr Russell finds that almost all 
the woods he has tried act on the plate in the dark ; though they 
vary as regards intensity of action, and as regards the length of 
time and tlie temperature needed for tangible results. 

His method is to obtain a smooth face on a block of wood, dry, 
and placo Hns f i'^f- in contact with the plate, the whole being left 
in the fiaj k until development of the phitc 

l )r Russell had previously shown the probability that hydrogen 
peroxide is the active agent, ami thmks that resin in the wood is 
probably the indirect causal agent: he gives prooDs that it is not 
a case of radio-activitv. 

He gives a fairly long list of Pntish and Foreign woods used, 
and sumrnarises the results ; and he al^o tests the question of the 
action of urdinary resin (colophony), various other resins, turpen- 
tine and a number of gums, with the result that while the bodies 
ot inure gum-like nature are inactive, those of more resinous nature 
are active. 

* BaeakoMUHK, SeptSS, 1901, p. SSI. 

1—3 
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Dr Russell also shows that oak a century old, and oak from 
a bog, and even docayod wood are still active. 

Among hiH most in teres ting discoveries are, that light of 
various kinds stimulates the activity of a piece of wood exposed 
to it; that the same is true of leather, cork, resin, paper, &c.; and 
that certain bodies — €,g. glass — are opaque to the action, whereas 
othem—e.g. porous bodies, gelatine, &c., transmit it. Moreover 
the block of wood need not be in actual contact with the plate ; it 
will act if an appreciable layer of air intervenea 

For the further understanding of these and numerous other 
interesting facts concerning the physical and chemical points con- 
cerned, I refer the reader to Dr Russell s fascinating and im- 
portant papers. 

My position m what follows is this. About a year ago 
Dr Russell was so kind as to show me some of his experiment 
results, and I was naturally much interested in his work, because, 
apart &om the more purely physical and chemical aspects of the 
pnenomena, they would appear at once to have a direct hearing on 
the problem of the constitntion of wood ceU-walle. 

Beyond proposing to apply Dr Ruasell'B results in particular 
ways to this botanical question, and perhaps haying obtained 
certain modifications of his process and a few results of idditional 
value, I have no claims to cmginality in the matter, and certainly 
no credit is due to me as anything but a humble follower of his 
discoveries. With these diBclaimers, then, I pass to a summary of 
my own experimenta 

I was struck at the outset with the di£Bculty of refeiring 
Dr Russell's results to the resins, because, in the nnt place the 
Larch and the Scots Pine behave so differently* 

In the Larch the resin-canals and, presumably, the bulk of the 
resin, are in the Autumn wood zones, and it is these zones which 
induce the strongest image ; but in the Pine, although the resin is 
distributed in the Autumn zones as in the Larch, the most marked 
eifect is in the Spring wood. Russell finds the Larch less active 
on the whole than the Pine, but from my knowledge of the two 
I should have thought them equally resinous, and their contraiy 
behaviour seems anomalous. 

But the second point strikes one as even more extraordinary if 
resin is the active body. The Oak gives very good figures, Russell 
placing it in the same group with the Pine as "very active." 
Now, without saying that there is no resin in Oak, it is well 
known that tannin and tannin-like bodies are the characteristic 
substances in Oak, and it at once occurred to me that this aenes 
of constituents ought to be tried. 

Nevertheless if we examine Russell's lists (>f " very active/* 
''active," and 'slightly active" woods, it cannot be said off-band 



Digitized by Googlc 



eonoenmg Wood and Ligmfied ceU-waUa, 



6 



that either fesin or tannin is at once suggested ; for instance, tbe 
Sycamore is "vory active/' while the Beech is only "active," and 
the Alder and Elm are but " slightly active." 

It appears to me^ therefore* that while the evidence is in favour 
of some substance emanating from the cell-walls being the active 
a^t, this sabstance is either not jet recognised, or it differs in 
different casea My reason for agreeing so readily with the con- 
clusion that it is some substance — perhaps, but not certainly, 
folatile — is this, Russell found that " a ^lass or mica screen of 
ane»thoasandth of an inch in thickness enturely pratects the plate 
fnm being acted on"; and he concludes from this that it is not 
a esse of radio-activity. 

Whether his conclusion be sound or not, the efficacy of shch 
a screen — and the fact that a screen of porous substance, or of 
gelatine, or of wood does not prevent the action— points to some 
such conclusion as the above. 

Having confirmed Russell's results, I proceeded to the enquiry: 
fl) Can we obtain similar photographs with thin sections of wood? 
For, it" so, it might be possible to obtain micro-photographs and 
trace the action — by its relative siiarpnrss — tn the Holid ligTiified 
walls or to the cavities. (2) Can we, by streaking such sections 
with solutions of substances to be tested — e.ff. Tannin, Tannic 
Arid, Gallic Acid, Xylol, Turpenes, Oils, or any ( ther bodies 
derived from wood — obtain local intensification of the rcFsnlts? 
In this way it might be possible to run down the active bodies, 
and compare them with the varioub woods in their natural 
conditions. 

The first question was soon answered. The results of all the 
experiments it is proposed to diisciiss here are summarised in the 
loilowiug Table, in which tht experimental running number, 
the species o( wood •■iM})ln}'cd in thin sections, the condition of 
the wuud-section used, and any treatment to which it was sub- 
jected before placing it on the plate in the dark-room and 
wrapping it up, arc given in the tirst four columns. 

The time during which the contact with the plate continued is 
given in column v.; and the temperaiure dunng the period of 
contact in column vi. 

In the last column I have summarised the resalUs in a few 
words, sufficient tu show the principal features of any figures 
obtained. 

Analysis of this table shows that in most cases a considerable 
incubation-period is necessary to obtain any picture beyond a 
"mere ghost," so faint that one can only say that some "activity" 
has been displayed. 

Whether this is because my thin sections contain very little of 
the active substance in the small amount of cell-wall present (as 
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ooDtrasted with the laige blooka nflod by Dr Russell), or whether 
the &ct of these thin sections being pressed flat between glass 
plates, wrapped up closely in severtu layers of black and other 
papers, prevents the access of air, are matteis for further ex- 

periment. Both mi^ht hp. CAiisal factors. 

It should be noticed that in experiments Nos. 35 and 36 I used 
Scots Pine and Larch, on " Ordinary " Ilford plates ; and that 29 
days at 20 — 22° C. failed to give an image. In experiments Nos. 
50 and 51, the same sections were again used, but on Ilford 
" Special Rapid " plates, and at 35° 0„ and good images were 
obtained from both in 72 days. 

Dr Russell had already found that the " Ordinary " plates will 
not do, and that raising the temperature of incubation and 
len^theriiug the exposure increase the efifects, so that this ex- 
periment confirms his results so far, and in one case (Scots jPine) 
with a wood known to be very acave. 

But ray experiments, Nos. 44, 45 and 48, with Pitch Pine, 
another very active wood, where the period of incubation was only 
10 days, indicate that temperature is not always an important 
factor, for the image obtained in experiment 48, at 20 — 2T C, is 
but little if any fainter than that of No. 44 or 45 incubated for 
the same period at 35^0. 

The determining factor of greatest importance appears to be 
the freshness or otherwise of the wood, as shown by the truly ex- 
cellent photograph obtained by eight days' exposure at 35*" C. of a 
ebaving of moist Fine — e.g., in experiments Na 21 and 21^ Russell 
lisd also obsenred that fresh wtM is more acttye than old diy ivood 

It is dear, then, that the action on the photographic plate can 
be exerted by thin sections, though the time required is longer. 
Unfortunately for my purposes m sharpness of tne imsge is as a 
role deficient, and consequently it is as yet impossible to discover 
the exact seat of the local action of the wood cell-walk. 

Befofe passing to some experiments where other ftdois are 
introduced, let us now examine the taUe with reforence to woods 
other than tfie resinous OonifonBu 

Experiments Noa 8, 12, 28, 46 and 47 were made with Oak, a 
wood which abounds in Tannins, hut in which there is no recog- 
nisable Resin. 

As No. 8 shows, a thin section of (lak, old and dir, gave but a 
poor image in eight days at 20 — 22° C; and, as Ka 12 showq, 
Uttle if any better results were obtained in 18 days at the same 

temperature. 

Fresh shavings of Joiners' Oak, incubated for 10 days, however, 
whether at 20—22'* C. (experiment 47) or at 35"* (experiment 46) 
gave fiur better results ; but it must be noted that these shavings 
were mdstened, to fiicilitate the cutttng, and tb^ dzied» aod I 
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attafaate the foMMy outlines to their being moist — for the oidioary 
ibjing alone aftwded to the ahanngi^ left them by no meane 
lealhr dry. 

Li these cases, then, it seemed impossible to suppose that the 
sflive body oould be a Resin ; and. not unnaturally with such wood 
as Oak, one thooght of Tannin or some such body as OaUio or 
Tumic add as a poseible factor. 

In experiment Na 28, the earns piece of wood was used as in 
Na 8, but before iNitting it on the plate half the piece was painted 
over with a camel-hair pencil dipped in a toeotk eokUion of pyro- 
fotfof^aDd a streak of the same was drawn across the middie of the 
ustreated half, and the section then dried between filter-paper. 

Alter incubation for 11 days at 20 — 22*" a sharp image was 
obtained pattjadarly dark oA the oarts impregtuUed torn the p^ro^ 
goMoLt rendeiin^ it more than prooable that my surmise was ngfai 

I then instituted a set of trials with various bodies, more or 
lem dixeotly derived from V90od, with a view to seeing if they gave 
amilar results. 

Clove oil was used on Broumea grandiceps, on a section which 
(experiment No. 3) had given no good results at 20 — ^22° for 12 
days. The treated section at 20 — 22" for six days yielded no trace 
at all : it seemed a.s if the clove oil had stopped the action, but, 
^ Dce the incubation- period was shortened, the trial was not cou- 
ciusivc in this respect. 

H&miteiia integri/oiia, which gave Hinular reanlt,8 to the fore- 
going when not treated (experiment No. 4), was simiJarly tested 
With clove oil, and incubated for nearly the same period (11 days) 
at 20—22° (experiment 26), and the' effects of the clove oil in 
deepening the action were at once apparent, the effect showing 
even on the paper into which the oil had diffused. 

Here, then, we must conclude that clove oil is also an active 
agent, though the experiments do not decide whether it is so 
alone, or only in contact with some other body in the wood. 

The next substance tried was tannin. As Exp. Nos. 1 and 7 
showed, Aristolochia Sipho was very inactive in eight days at 
20 — 22° C, while Vitis Labrueca seemed utterly without action 
even after 12 days' incubation. After being washed in a weak 
tannin solution and then dried, however, the same sections gave 
good images in 11 days and 12 days respectively, at the same 
temperature, the Vitis being especially active. 

Tannin would therefore appear to be a markedly efficient agent, 
and the fact suggeats an explanation why Oak m such a " very 
active " wood. 

1 then tried pyro-gallol. As already shown, this was decidedly 
successful as evinced by streaking the Oak section (EIxp. No. 28) ; 
bat itB activity waa even more clearly evident vrith Ulmue cam- 
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pestriSt the Elm. As Exp, No. 5 shows, the Elm gave the mereal 
tnuses of activity in 12 days at 20 — 22° C, and RuaseU had alw 
found the Elm but slightly active; but tke Bam$ mcHon when 
streaked wiih pyrthffollol and iftcubaied for the mime period at the 
same temperature (Exp. No. 81) gave an extremely good image, 
particularly black where the pyro-gallol was streaked across it 

The next substance tested was Xylol. As experimenta Nos. 29 
and 30, with Sophora imcrophrjUa and Teak, Tectona grandis, 
ahow. Xylol ia an efifective agents because the paper into which it 
soaked gives a dark image; but since I have not as yet tested 
these woods alone it is impossible to say whether this agent alone 
is responsible for the action, or whether the reeulta are due to the 
co-operation of something in the wood. 

One thing seems fairly clear. I thought it possible that the 
water used for the solutions of tannin, pyro-gallol &c. might piay 
an important part , bocaiiso, a'^ Russell had also shown, dampwo^xi 
acts more rapidly than the same wood when old and dr}'. But in 
the cases of xylol and clnve-oil this seems impossible : these re- 
agents v/ore used pure, and the surplus merely soaked off by 
lilter-paper. 

T nave also obtamed positive results with gallic-acid. Beriberis 
mihjans, the Barberry, showed the merest traces of activity in 
8 days at 20 — 22"* C, as shown in Exp. No. 2 ; and although the 
Vine (Vitis vinifera, Exp. No. 6) gave better results in 12 days, 
the image was t(>n taint to show on a .screen. But the savi^: 
sectivm after waahmi; m gallic-acid (Experiments Nos. So and ii4; 
gave fairly dark linages after 12 days at 20 — 22°, proving that 
this reagent also is effective. 

Enough has now been stated to show that whatever the activity 
of wuud on the photographic plate may be due to, it is not merely 
Resin or Resin-like lx)aies ; but that Tannin and Tannin-like 
bodies as well a8 bome others may be responsible. 

My knowledge of the chemistry and physics of the subject is 
too blight to enable me to attack the problem of the mode of 
action on the plate ; moreover the question is in sufficiently able 
iiaiids with Dr Russell. 

It seemed, huwever, a sufficient reason for this sketch, to point 
out that we have here a Botanical problem of great interest — it 
may be of fundamental importance. 

It is clear that some Dody or hodiea in the wood oeU-walla— 
t.0. lignified oeU*walhh-reduce ailTer-salta in the j^Ate. That 
such bodies are either akot off, as if Yolatiie, or diniiae readilj^, 
seems clear from the want of sharpness in the mioKMoopie 
detaihk 

I attribute the blurring of the figures to the ftcta that the 
activity is not confined to.tne actual ptanea of contact of the cut 
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8oEd odl-walls with the film of the plate, but manifests itself in 
the cavities, su^^esting that particles are thrown off from the 
widls standing off at ri^t angles &g. 

It seems to me that we botanists have here a definite problem 
— or rather a aeiiea of problema First, to see what woods, if any, 
are Mal^ vrithovt acMiy, Secondly, to find out what substances 
in hgni&d cell-walls are mott acHve. Thirdly, to tiy and oo* 
ordinate the results with the varioua degrees of ItgnifiecUMn of the 
walls. Further, to see if the effect is due to substances in the body 
of Ae lignified walls^ or to secretions or excreta left behind in 
the cells. 

Some of the discoveries of Dr Russell appear to be of promising 
significance — e.g. Cork is active, but pure cellulose is not ; decaying 
wood, and wood soaked in peat (Bog Oak) tpay be active ; and, 
especially, the curious intensifying action of light, for it has long 
been known to Forest botanists that afber a tree is felled, the 
exposed heart^wood may change colour. 

Indeed, one of the first tasks I would suggest is to compare the 
effects of fresh and old heart- and sap-woods ; of wood cut in the 
dark and exposed to light — in or out of contact with air — and of 
substances extracted from both heart- and sap-wood both in contact 
with the wood itself and with pure inactive cellulose. 

Moreover these and other experiments .should be made on the 
same wood, in various conditions, as well as on species known to be 
very active ~e,g. Oak and Pine — as well as on species found to be 
most inactive. 

It will be obvious to all that such experiments promise to 
stimulate suggestions for otiier modes of attack on what has 
hithprto proved a veritable Port Arthur to the botanist, — viz. the 
oonstitution of the lignified ceil-waiL 
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The Pine-apple Gall of the Spruce : a Note on the early stages 
of its' develojyiiierU*. By £. R. BuRDON, B.A., Sidney Sussex 
College. 

lEead 31 October 1904. J 

The palls are caused by the hibernating generation of certain 
Aphidae biloiigitig to the genus Chermes, which lives exclusively 
on coiiiferuus trees. 

Several species of Chemies have been described by continental 
writers, two of which (C. ahietis and C. strtjbiliMns) are certainly 
present in Britain, and further search will probably result in 
others being found. 

The insects have a most coiJi{>.ieated life-cycle which has been 
worked out by Dreyfus, Blochmann aud others in Germany, aiid 
Chol<3dkovsky in Russia. This cycle exhibits a heteroecism similar 
to that which obtains in Flatworms, Uredineae, etc. The in.u;. 
facts are briefly set forth in the following table, in which the 
successive generations are denoted by biologic names "f. 

Of these various generations it is worthy of note that only one 
of them — the Fundatrices on the Spruce — induces the formation 
of a gall, though all are equally engaged in sucking either on the 
stem or needlea 

The galls caused by the different species of Chermes all follow 
the same general plan of development* and, although there aie 
alight diffeienoeB in detail, the following account, whicb lefen 
specially to the galls of C. abieUst probably represents what 
in every case. 

The life of the gall is natnially divided into three distinct 
stages: 

( 1 ) its development whilst still enclosed in the bud-scales ; 

(2) its development after emerging from the bud untfl the 
opening of the chambeiB and exit of uie inhabitants; 

(3) its death, decay and subsequent fiite. 

In the present paner my remarks axe limited to the eveale 
which occur during the first stage. 

• FifrarPH and fnll :!c tails .11 appeaj in a later paper. The present SOSUBQDi* 
cation merely Bnmmahses the moet ixuportAjU |x>ii}iB i\nd concluBions. 

t For ftiller detailB see Prof. CSholodkuvakjr'a " Beitrage za eiuer Monogimphk 
dif Conifcnn-Lliiua,'* Hotm 89e. Eni. JUm. uz. pp. l^lHli, ind zsn. pp. 1— U. 
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The gail arises in the following maimer:^ 

In the autuniii a Chsrmes larva drives its long proboscis cither 
into the stem of the Spruce just below a bud or into the bud itself, 
aud thus securely anchored, {klsscs irao a hibernating condition. 
The insects at this stage' are very minute, thoir total length barely 
exceeding 0*5 mm., but they are provided with an extrenu ly long 
proboscis which us abuuL three tiiDcs ay lung ab the whule body. 
This proboscis is driven right through the cortex and the apex 
lies in the neighbourhood of the cambium. Once the insect has 
established itself in this positioQ she never again quits the spot, 
hit here remains until her death in the following June. 

Before Basnng on to the development of the gall it will be well to 
lecail briefly the structure of the normal winter bud of the Spruce. 
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If the scales are removed from a winter bud before it begins to 
develope in spring, the entire shoot for the following year is fbniid 
already laid down in mimatate, with the mdimentai^r needlsi 
closely arranged in a spiral around the abbreviated axis» which 

they altogether conceal. 

A longitudinal section shews the stem of the young shoot to 
be already differentiated into pith, primary vascular bundles aod 
cortex. The pith and cortical cells have square ends and are 
densely filled with protoplasm which shews no signs of vacuob- 
tion, rendering it evident that active growth has not yet set in. 

OhlorophyTl is present in evety part of the young shoot except 
in the vascular bundles. 

Resin canals generally are absent at this stage, though here and 
there indications that they are about to be formed may be found. 

In the outer cortex short chains of secretory cells or solitan' 
tannin sacs occur and may be recognised by the abundant deposit 
of tannin or resin which they contain. 

The cells of the pith, and the mesophyll cells of the leaves 
contain a copious reserve of a substance which I believe to be 
tannin. My examination of this substance is not complete, but 
in the meantime I will refer to it provisionally as tannin. 

Minute specks of starch are found in the chloronhyll corpuacle8» 
but the quantity is so small as to be n^Iigible, and there is 
nothing that can be regarded as a regular sturch reserve. This 
fiust is important in view of the abundant store of starch which 
makes its appearance at the very outset of gall formation. 

In the spring the insect awakens and begins to suck and 
secrete a tuft of white wool-like wax from glandular plates on 
the dorsal side of her body. The tinip when this happens varies 
according to the weather. This year (1904) we had a late spring 
in Cambridge, and it was not till the middle of April that X was 
able to disccni any signs of life. 

As soon as the insect bo^nnn tf> «uck, the celln m the region of 
the cambium where the apex of the proboscis lirs, are forced into 
precocious growth. They at once incrca^^e rapidly in size and 
undergo active division. The protoplasm becomes tilled with large 
vacuoles ?ind ♦he nuclei enlarge in about the same proportion. 
The daughter cells repeat the process and the swelling and growth 
radiate outwards in every direction from this centre. 

At first the formation proc rds symmetrically and both the 
pith and the cortex are invaded to an equal extent. Very soon 
however a limitation is imposed on the growth of the pith cells 
by the lignitied vessels of the protoxylem, and the cells of this 
region do not continue to respond so readily to the stimulus. 
The i^tuvvlh then takes the line of Icjust resistance, and extending 
rapidly outwards through the cortex becomes excentric. 
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One of the first indications of the gall growth is the dis- 
appearance of the chlorophyll, and this is at once visible to the 
naked eye on bisecting an infected bud longitudinally. As the 
area extends its boundaries the chlorophyll gradaally recedes, and 
at length the whole of the affscted pmrtion of the shoot appears, 
on removal of the bod-scales, as if it had been bleached. ^ 

Neither resin canals nor secretory cells of any description are 
to be Icmnd in the gall area» any that existed prior to the com- 
mencement of gall rormation having been absoroed into the gall 
parenchyma. 

The "tannin" contained in the cells of the pith and mesophyll 
also disappears. In microtome sections it breaks up first into 
laige granular masses^ ihen into smaller granules, and finally 
disappears. In cells which are still normal, this deposit of tannin, 
after fixii^ with dilute Flemming, is so dense as to entirely 
conceal all details of the protoplasm and nucleus, but wherever 
the gall action has penetrated these details are laid bare, and the 
cells look as if they had been treated with some clearing a^ent 

One iB so aociMtomed to connect tannin with stalls that this 
itatement may at first appear doubtful It shookl however be 
mentioned that at this stage the shoo^ appears incapable of 
ttraggling against the disease, but in the next sta^e, after it has 
emerged from the bud-scales and has begun to assmiilate, tannin 
is again found in abundance. I believe however that the tannin 
found in the later sta^ is of a different nature and composition 
to the tannin present in the bud 

The disintegration of the tannin seems to be closely connected 
with the formation of starch which now makes its appearance in 
sreat quantity. The cells round the periphery of the gall area 
become as closely packed with starch granules as are the endo- 
sperm cells of wheat. The quantity decreases as one proceeds 
inwards towards the centre of the gall, and in the very centre no 
atarch or only a few scattrred granules are found. 

I think a possible expbiDation of the origin of this starch may 
be that the tajinin contained in thu pith and mesophyll cells is in 
reality a glucoside, which on breaking down forms considerable 
qaantitics of glucose, and this serves the insect for food. The 
Chermes however cannot absorb the glucose an (juickly as it is 
fornied and the result is that the glucose solution soon reaches 
a high degree of concentration. To reduce this con ci nt ration 
starcn is precipitated, and a molecule of water is consequently 
liberated 

This would explain the di«?tributior. of the starch in the gall, 
for in the centre where the apex of the proboscih lies, the glucose 
is being continuously drawn off and would not therefore become 
too concentrated. But the effect of this leakage would be less 
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felt at the peripherjr and it is here consequently that the most 
abundant precipitation of starch takes place. 

The sweet orope of " Honeydew " which, as is well-known, are 
exuded by these insects, may periiapa prove to have the doaest 
bearing on this point 

In oonnedion with this suggestion I must however state that 
I have not yet succeeded in demonstmting the presence of gluooae 
in the ?all, but hope to cany out some careful tests next spring 
when tne galls are a^ain in season. 

I have mentioned above that the nuclei enlarge in about the 
same proportion as the cells containing them, but the change is 
not confined merely to enlai^ement In the normal resting 
nucleus the chromatin network is very evenly distributed^ and 
no well marked nucleoli are to be found. In microtome sections 
one of the first indications that a cell is destined to form part of 
the gall tiaiue is men by the chromatin of the nuclei The 
network gradually becomes fainter and fades away, while at the 
same time numerous nucleoli make their appearance, la course 
of time the network in some esses entirely disappesza and the 
whole of the chromatin becomes aggregated into these nucleoli 
Some of them attain a considerable size and ]^ject like warts 
from the surface of the nucleus, which assumes a pallid unhealthy 
appearance. 

So far a;; I have examined them at present, the mitotic figures 

seem to be of the usual somatic type, and I have found no indica- 
tion of h<'terotypical mitoses, such as one would expect to find 

were the growth of a cancerous natTirr. 

The net result of theye varinua changes is that ahiiu^^t all 
previous differentiation (if the storu has been obliterated, and in 
its place a parenchymatous tissue, consisting of abnormally swollen 
cells with extreim ly thin walls, has been formed. The cortex on 
the galled side uf ihc stcni has become 2 to 3 times as thick 
afi the cortex on the other nide which is still normal, and the 
symmetry of the stem has thus been destroyed. 

The gall growth continues its outward course until it reaches 
the bases of the needles, and these in their turn begnn to swell up. 
As the growth proceeds up them the needles assume a tapering 
shape — very much thickened at the base and gradually diminish- 
ing in size until about half way up, where they still remain normal. 
The gail i«! now visible to the naked eye as soou iis the bud-bcaies 
are removed, being rendered evident not only on account of its 
swollen nature, but also by reason of its bleached appearance due 
to the absence of chlorophyll. 

The needles at first increase evenly in thickness on every 
side, but before long the swelling becomes confined on the inner 
(ventral) side, since this faces the main axis, which is also swelling, 
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■nd the two soon meet. When this happens any further growth 
goes on chieflj on the donal side, and the leaf becomes asym- 
metrical in transverse section. The outer (dorsal) side of the 
needles soon cotnes in contact with the inner surface of the bud- 
scales, bat as these are gradually unfolding all the time, they do 
not offer mnch resistance to the swelling, and the dorsal side of 
each ^aU needle consequently becomes convex in shape. 

Owing to the erect position of the needles at this sta^ and 
their crowded spiral amngement round the main axis, this 
enhugement of their bases auickly results in adjacent needles 
coming into contact with eacn other, and grooves are formed on 
the surface of each needle, where other needles have pressed upon 
it. The phyllotaziB is such that the base of any one needle must 
on swelling come in contact with the swollen bases of no less than 
fofir other n^dles, two belonging to the spiral above it, two to the 
spiral below. 

Each needle-base is consequently marked with four grooves. 
Of the*^e, the two on the inner aide are much deeper than the 
two on the outer side, nwing to the pressure bein^ nrroiter in 
the fonner case, and between these grooves a shght ridge is 
formed which correi<ponds with the space between the needles 
of the spiral above, or below as the case may be. 

As the stem gradually elongates the needles are carried slightly 
apart, and the resulting space above each needle forms a chamber 
which is later on taken possession of by the youncr ofispnng of the 
Chermes mother. The deeply grooved inner (ventral) side of the 
needle forms the floor of this chamber, whilst the two needles of 
the spiral above each contribute a half towards the formation 
of the roof. It will thus be seen that each indivuiual leaf 
participates in the formation of three distinct clianibers, its 
ventral side forming the floor of the chamber abuve it, and the 
grooves on its dordal side each forming one-half of the roofs of 
the two chambers below it to right and left. 

At a later stage these chambere become closed in by the 
development of thick tumid lips around their mouth.s. 

About the begmiiing of I\Iay the shoots begin to emerge from 
the bud-scales but the galls are not at once visible since the 
bsse of the shoot is still concealed in the persistent basal bud- 
icsles. They soon however make their appearance and the galU 
then enter on the second stage of their ezisteuce, the history 
of whioh must be left at present as my eumination is not yet 
completed. 

ant to return to the insect Whilst the changes described 
ibove haye been proceeding in the bud, the Chermes larva has 
hssn steadily socking and increasing in sise. She has secreted 
s qusntity of white wool-like wai, which, while it entirely conceab 

TOL. XIXL FT. I. 2 
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her, renders her poation moel conspicuoua She undeigoei three 
ecdysee before reaching maturity, and the oast skins may be found 
lying beside her in the ^ wooL'* As soon as she reaches mattirity 
she commences to lay eggs, and continues the process throagh 
May and on into June, until a heap of some hundreds of eggs 
accumulates beside her. Each is attached to the stem by a 
delicate hair-Hke stalk. The first eggs begin to hatch soon after 
the gall has emeiged from the bud-scales, and the minute larvae 
at once creep up the shoot and establish themselves in the 
gall-chambers, where they find a fleshy suocalent tissae already 
prepared for them. They at once commence sucking and become 
entirely enclosed within the chambers by the development of the 
tumid lips previously referred to, and here they remain until the 
galls open. 

These then constitute the most important events which 
characterise the development of the galls during the first stsge 
— that is whilst still enclosed in the bud-scales. 

One very noticeable feature is the apparent absence of any 
effort on the part of the plant to resist tne attack, for the insect 
appears to have everything its own way. This is I think chiefly 
due to the fact that the shoot is enclosed in the bud -scales, which 
exclude li^ht and air, and thus keep the tissues of the shoot 
in a plaj^tir" condition. Nrxt season T hope to carry on .some 
etioiatiori ''xporiincnts which will probably throw coDsiderable 
light on this point. It is of courst> al«n due in part to the 
insect having, as it were, stolen a march on the plant, forciDg 
the young snoot to developt^ before it was fully prepared. 

Although my examination of the later stagea is not yet 
complete I have seen enough to convince me that the conditions 
are reversed in the next stage, and a great effort is made by the 
shoot to overcome the influence of the insert And this effort ia 
to some extent successful in so far as the shout us enabled to limit 
the insect's sphere of influence to the area over which it has 
already gained sway. But the effort is made too late, and always 
ends in the death of the galled portion of the shoot, if not of the 
whole shoot. 

With regard to the ultimate cause of the gall-fonnation there 
is, I think, good reason to believe that it is due to an injection hy 
the Chermes mother. It would be out of place in this paper to 
give the reasons for this belief in detail, but the behaviour of the 
chlorophyll, tannin, protoplasm and nuclei, and the gradual radia- 
tion of the influence in every direction all seem to point to an 
Injection as the cause. Further, if the insect be removed, say a 
week after it has commenced to suck, the abnormal growth is 
brought to an end. The gall continues to develope, and emerges 
from the bud-scales just as if the insect had never been remom. 
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The only possible explanation of this posthumous growth appears 
to me to be, that the poison injected during that week of the 
insects life continues to act on the tissues of the plant after the 
death of the mother. 

But this naturally gives rise to another question. If the 
insects of one ja^enerttion inject some fluid into the plant, surely 
the insects of the other generations, the Alatae, the Colonici, the 
Sexuparae, etc., must also be supposed to inject a poison when 
they are engaged in sucking. How then is it that they do not 
cause the formation of a ^all ? Why does the injection answer in 
one amc and not in another even on the same tree ? 

The answer to this is, I think, that the injection will only give 
rise to gall-formation when it acts, not only on embryonic tissues, 
bat on embryonic tissues which are not confined by the presence 
of other ligni6ed or cuticularised tissues. We have seen how such 
feebly lignified tiwaes as the protozylem strands wm sofficient 
to torn the oonne of gall-formaticm from ooncentiic to exoentric. 
Again, when the gall emerges from the Imd-ecales the gall area is 
at ODce confined to the region ahreadj affected in consequence 
of the eiposnre to light and air, which results in the hardening of 
all parts which still remain nonnal. 

The behaviour of the Larch needles when attacked by the 
larvae of Generation IV. also confirms thia The young needles 
when they first emeige from the buds are exceedingly tender, and 
if attacked at this stage, they at once respond to the influence. 
Each needle becomes bent into the shape of a knee at the point 
where the insect is seated, and very frequently the "knee" is 
distinctly awollen, shewing that the tissue has responded to a 
aligfat extent and formed a minute gall. The needles however 
quickly harden under the influence of light and the gall developes 
no further. When the needles are older and harder the attacks 
produce neither bending nor swelling, but the chlorophyll still 
responds in exactly the same way as it does in the Spruce galL 
It disappears, leavmg a yellow spot to mark each place where an 
insect nas been seated. When old Spruce needles are attacked 
by the Alatae, the Sexuparae or the Sexuales, the same thing is 
apparent, and T have little doubt that the injection is the same 
in a!) cases, but that the hardening of the surrounding tissues 
prevents the formation of a gall. 
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Note on some peculiar Jeahires in seedlings of Peperomia. By 
Mr A. W. Hill. 

[Mead 28 JSovember mi,] 

The seedlings of Peperomia umbilicata were found in the 
Andes of Bolivia at about 13,500 feet above sea-level. The Bpedes 
is a eeophilous one with small bulbs and peltate leaves. 

The peculiarity of the seedlings lies in the fact that, though 
they are dicotyledonous in structure, only one of the two cotyle- 
dons leaves the seed to exercise the functions of an assinulatmg 
organ ; the other remains permanently in the seed as an absorbent 
Oirgan. 

The other bulbous species from the Andes apparently shew the 
same features of geruuDatiou, and several other species fr om Central 
America, preserved in the Herbaria of Kew and South Kensington, 
whilst differing in their vegetative habits, shew a similar type of 
germination. 
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On the dynamical significance of Kundt's law of selective dis- 
p&rsion, ul connexion wUh the transmission of the energy offrtwM 
of dispersive waves*. By J. Larmor, M.A., St Johns College, 
Lucasian Frofeesor of Mathematics. 

[Read 14 NoTember 1904.] 

1. This subject has been treated by the writer, Phil, TVofU. 
1897a, p. 243. If we are content with a naave theory of an inde- 
pendent vilffiator for each line of the spectrum, or even with a 
conception of a molecule as a connected dynamical system vibrating 
about a position ofrestt it is readilv inferred that the index of 
redaction always trends upward with increasing frequency, so as 
to be abnormally great on tne lower side of an absorption band and 
abnonnally small on the unper side of it, as was originally remarked 
by Kundt to be actually the case in anomalously dispersive media 
But when the molecule is considered, as it must be, notwithstanding 
analytical difficulties, to be a dynamical system vibrating about a 
permanent state of steady cyclic motion, the gyrostatic terms in 
the equations of its vibrations render a theoretical discussion of 
Kundt's law difficult, and it was not then completely effected ; 
though it was easy to see that the law should be connected with 
the necessarily positive (quality of the vibratory energy. A recent 
paper by Prof. Lamb, m Proc Maih. Soc, consequent upon a 
renuirk by Frof. Schuster, seems to afford a key to the matter. 

When we speak in optics of wave-length \, we can only mean 
light of wave-len^hs comprehended within a small interval Sk 
around \, — that is a train of undulations of wave-length uncertain 
from point to point within this int.erval B\ which is itself a 
measure of the defect of purity of the beamu There is no such 
thing as an absolutely homogeneous train of wave-length exactly 
V Now Sir Qeotyre Stokes has explained (Smith's Prise Ex- 
amination Questions, 1876) how in such an undamped train, nearly 
homogeneous, the velocity of propagation, considered as the rate 
at which the actual disturbance travels onwcuxls, is in a dispersive 
medium not the wave-length X of the wave-form divided by its 
periodic time t» but is 

4/4- 

* The first aeotioa of this note was oommaoioated to the Britiah ABaocmtioQ at 

the mtttiag in Oimbridg* iMt Aogort. 
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And Lord Bayleigh "has verified (Proc. Math Soc. 1877 ; 'Theory of 
Sound,' vol. i, Appendix) by a Hirect analysis of high generality that 
the energy of the undulations is in fact conveyed with this velocity. 
Thus if the medium could be such that the frequency diminished 
with diminishing wave-length, the energy would travel backwards, 
namely in a direction opposite to that in which its wave-form is 
propagated. The question considered by Srhueter and Lamb is 
as to whether this is actually possible. Examples are given by 
Prof Lamb of infinitely extended trains in which it occurs. But 
such a train requires to be fed with energy, so to speak, at both 
euda With a train of light advancing acrost; a dispersive medium 
from one side only, the case cannot occur, for the energy cannot 
become negative*. 

The curve of dispersion is usually constructed with the fre- 
quency^ V, equal to t~\ as abscissa, and the index of refraction ^ 
as ordinate. If c is the velocity of light in a vacuum 




ThuB the group velocity U is cdvjditMf), Hence 

U dp ^^^dp' 

This must be positive ; thus df/t/dv can indeed be negative, bat 
the greatest allowable negative value at any point is — ^/y. So 
far then as this present condition goes, the dispersion curve may 
trend downwards, but to a limited extent, outside a band of 
absorption, whereas upward trend is unrestricted. The condition 
that a source of radiation must be emitting, not absorbing, energy 
thus allows the dispersion curve Ui be an undulating line in a 
region not containing absorption bands, but with a limit to the 
steepness ot the downward steps of the curve. In a region of 
absorption thi.s restriction is nor imposed ; hence the trend will 
usually be downward. Thus character of the curve of dis- 
persion would be in the main tliat remarked by Kundt, though 
the present consideration by itst U does not require an Upward 
trend in trannparent regions to be invariable. 

2. The general analytical verification of the rate of propaga- 
tion of energy by Lord Rayleigh, above mentioned, prompted by a 
more special discussion by Prof O. Reynolds, involves use of the 
proposition that the mean energy, in stationary or progressive 

* This argument would be ev&ded ii we could suppose that the wave-fonii 
tnvtls bftdtward: but in the case of a train which is not «iidl6M» th« wav»>foni it 
of necessity propigaled liMrwaida, (hat ii» in th» dinotioD in wbitb tb* ftont of Hhm 
tiain advanoM. 
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vibratury syBteins, not affected by viscosity, is on the average half 
poteutial and half kinetic. The ultimate foundation of this im- 
portant general principle seems to be adequately contained in tlie 
following remark, and more abstruse considerations are hardly 
Decenary. The characteristic of all kinds of steady standing 
nbrations or undulations in a non- dissipative system, however 
ccmplicateJ m its structure, is that each particle of the system 
describes an orbit in simple harmonic motion. For each particle 
therefore the two kinds of energy, kinetic and potential, are equal 
m the average ; and this includes their equality in the aggregate. 
For uniform trains of progressive waves similar considerations 
remain applicable The aigument extends also to the most com- 
plex t3rpe8 of dupermve media, in cases where absorption^ is 
negligible : it is to be noticed that the energy that is ' propagated ' 
with the group*Teloeity is there the energy in the ether, together 
with that of the vibratory disturbance of the stationary molecules, 
*-which latter is on the theory of cyclic systems of Kelvin and 
Routh a perfectly definite quant iiy added on to the intrinsic 
kinetic energy of each molecule. 

B, The principle involved in propagation by groups may be 
somewhat generalised, thus affording insight into its essential 
character. An equation 

represents a disturbance whose profile is of the form y = Af{na:\ 
propagated onward with uniform velocity pjn^ When the form is 
a periodically undulating one the equation represents a progressive 
wave-train of definite wave-length. The problem is to speciiy the 
general features, if any, presented by an aggregate of related 
progressive forms, all dilSering but slightly from a central type 
V^f ("t^ ~ PbO otherwise undetermined. We may represent 
one of these component forms hj^^hA ./((iif + Sn) — (p^ + hp) t], 
where dn and ^ are treated as infinitesimal. The defiiiiteness of 
type of the forms under consideration implies that n is given as 
lome function of so that hnjhp is here a function of and so 
eoostant^ say U^. The application of Taylor's theorem allows us 
in general to express the component form above mentioned as 

This expansion holds so long as ^*w^Sp.t is small : that is, it is 
valid for the neighbourhooa of a point travelling with the definite 
velocity 5p/^, say U^, Under this restriction, the aggregate of a 
crowd of such closely related progressive forms is therefore repre- 
sented by an equation 
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Thus, to au observer travtr-lling with velocity U^, so that x^JJ^t 
remains constant, tlie aggregate disturbance in his neighbuurhood 
has the features of a simple dieturbaiice of typti y ^ CF {n^x — ^t\ 
namely of form y=CF{riox) travelling with velocity jSa/n,. This 
resultant form y = CF{?ifyx) is not the same as the original standard 
form y^Af{nfiX\ belong; ug to the components which make it up 
But if the component form is represented by a sine or cosine, the 
resultant ia mo of that type ; and an observer traTelliog with 
velocity then keeps in touch with a ateady aggregate dia* 
turbance of the standard type, whidi travels aa a group in 
company with him. ^ 

The generalised result is the proposition that the local 
features of a train formed of disturbances of nearly identical types 
travel with a definite velocity, different from the velocity of 
propagation of the individual waves, and therefore travel throuffh 
the waves; but the travelling group is of the same ty^e as m 
individual disturbances whicn in tne aggregate give rise to it^ 
only when these latter are simple harmonic trains represented by 
smes or cosinea 

Thus, for example, we may for an instant imagine a radiation, 
the aggregate of an indefinitelv great number of similar discrete 
radiant pulses shot out from the radiating molecules, each pulse 
being propagated without change of type with a velocity de- 
termined by the scale of its dimensions in space of time : in the 
aggregate they would present the appearance of disturbances 
travelling onward with the group-velocity determined above, 
but there would be no similarity between these groups and the 
original type of pulse. This illustration is however purely ideal, 
for the dynamics of propagation require that it is onl^ ain^W 
harmomc wMre-tmns that caa travef anchanged in a di^pemve 
medium. 
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An attempted S^thesie of Uric Acid, By H. J. H. Fenton. 

[JSMd 14 November 1904.] 

Most of the so-called dehvatWes of uric acid have been syn- 
tlieticaUy prepared by oondenBation of their characteristic parent 
adds with area, but in the case of uric acid itself this direct 
synthesis has not been effected owing to the fact that its parent 
acid — trihydroxyacrylic acid — is yet unknown. 

It has been shewn by the author in previous communications 
that by the oxidation of dihydroxymaleic acid with ferric or mer- 
cnric salts it is possible to obtain the semi -aldehyde of mesoxalic 
acid CHO.OO.COOH, and it is evident that the aldehyde 
bvdrate of this might be tautomeric with the desired trihy- 
droxyacrylic acid. 

Attempts are now being made to bring about the condensation 
of m^oxafic semi-aldehyde with urea and it seems not improbable 
that under favourable conditions the synthesis of uric acid might 
be accompii^ed according to the following scheme ; 

H.C:0 HC(OH), OH.C.OH yNH.C.NH 

I I II 00( II \ 

0:0 ^0:0 OH.O — NNH.C CO 

O'.koK OikoH 0:koH Osi.NH^ 

or that, failing this, an acid isomeric with pseudo-uric acid might 
lesolt^ namely, 

glycQ-oril earbojcylio acid ^ 

oo; I )oo. 

COOH 

When the condensation is attempted in aqueous solution carbon 
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dioxide is evolved and a very sparingly soluble crystaiiine sub- 
stance is obtained, which proves to be glyoo-uril 

H 

go; I ;co. 
Xnh.c.nh/ 

H 

This compouDd was obtained in the first instance by reduction 
of allantoin with sodium amalgam (Reineck), and afterwards by 
condensation of glyoxal with urea (Schiff). In the present case 
its production probably results from decomposition of glyco-uril 
carboxylic acid and not from the previous formation of glyoxal, 
since raesoxalic semi-aldehyde itself is relatively stable under 
the conditions of the experiment; but this matter requires 
further investigation. 

The properties of glyco-uril have been carefully studied by 
many investigators, but a remarkable colour reriction, whiw 
appeai^H to be very characteristic, has been overlooked. If the 
substance is evaporated to drjuess on a water-bath with strong 
nitric acid and the residue treated with caustic soda only a slight 
piuk or orange colour is obtain cd, but on the addition of sodium 
hypochlorite this changes to an mtense purple. 
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yote on the Dijfvaion of Hydrogen thrtjfugh FaUadium, Bj 
0. W. R1GHABD6ON, M.A., Trinity College. 

[iieemiP9d 15 NoTember 1904.] 

The rate of diffusion of hydrogen through a pallatiium tube 
has been examined quantitatively by Winkelmann*, who fouod, 
contrary to what one might expect d priori, that the mass bf gae 
diffusing in unit time at constant temperature was proportional to 
the gndient of a power of the preesure leas than unity. Winkel- 
mann explained this result by supposing that the hydro^n 
dissociated and that only the atoms nad the power of diffusing 
thiongh the metal. More recently an interesting research on the 
same subject has been published by G. N. St Schmidt f, whose 
conclusions might tend to throw doubt on the advisability of the 
aflBumption of aissociation. 

The diflfusion of hydrogen throuorh platinum was also ex- 
amined by Winkelmann who again found that the pressure 
variation could be explained on the hypothesis that dissociation 
(xxiurred. A more detailed examination of thLs subject has been 
DTiade by the author conjointly with J. Nie*>l and T. Parnell|. 
The principal results of this investigation were tlint the rate of 
diffusion varied, (1) as the gradient of the square root of the 
j r- ssure, down to pressure differeiices of H mm., and (2) as an 
ex|H fiential function of the teniperuture of the tube. All the 
results were found to be accurately expressed by a formula de- 
duced theoretically on the b\^othesis that the hydrogen inside the 
metal was in a state of dissociative equilibrium and that only the 
dissociated atoms diffused freely. The experiments yielded no 
evidence of an appreciable amount of di^isociated hydrogen outside 
the metal. 

In view of the consistent explanation ot the (litfu.sioii of 
hydrogen through platinum furnished by the dissociation theory 
and the gener^d similarity in the phenomena as regards both 
metals, it does not seem too much to suggest that a hypothesis 
which appears to furnish a complete ezpUnation of the one case 
ahoold not be lightly rejected aa regards the other* The object of 
the praent note is to point out that s<Hne of the objections to the 

• Drud€'$ Aam, Tol. n. p. 104. f lb. Vol. zni. p. 747. 

t A. VoLviii.9.S8a. i PiML Jffly. B. S» YoL vm. p. 1. 



Digitized by Google 



28 



Mr Richardmmt Note cn the Difftman 



dissociation hypothesis raised by Schuudt's work are not so great 
as might appear at fu st sight. 

Before pnxH i ding it is necessary to remark upon one impor- 
tant difference in the nature of the substances which result when 
hydrog^f>n is absorbed by platinum an<l palladium respectively 
It seems now to be generally admitted ihat the balance of evidence 
IS m favour of both cas^ s being nianifeHtations of solution rather 
than of chemical combiiianon. The work of Hoitsenja* indicates 
that in the case of palladium hydrogen, if the couiposition lies 
between certain limits, a mixture of two immiscible solutions is 
formed : whereas, so far as is known, in the case of platinum this 
does not occur. Naturally the occurrence of two immiscible 
solutions together would considerably complicate the diffuuion 
phenomena; but fortunately all Schmidt's experiments seem to 
have been made at presbuies slipfhtly lower, or temperatures 
slightly higher, than those at which the solution of gi-eater 
hydrogen concentration begins to lorn}. 'I'his probably explains 
why irregularities were encountered when it was sought to push 
the experiments to lower temperatures. 

The authorf has shown that the rate of flow through a slab of 
solvent of thickness d, of a diatomic gas which dissociates in 
Bolution, when the amount of the external gas which is dissociftted 
is negligible, is given, per unit area, by the expreeaioQ 

where P,, Pi are the gas pressures on the sides ; 

/ia are the coefficients of difiusion of the molecules and 
atoms respectively ; 

A is the partial solubility of the undissociated gas, 

and is the constant of the reaction Ht^I^2H inside the 
metal 

This formula applies to any case where the properties of the 
solution are continuous, and therefore will prepuniably apply ta 
Schmidt's experiments on palladium if the dissociation theory 
is true. 

The first jxjint is to enquire how the rate of diflFusion varie* 
with the pressure at constant lemperature. Winkelmann* who 
had zero pressure on one side of his tube and pressures up to atmo- 
spheric on the other, found that the rate of ditiusion varied in one 
experiment very nearly as the '71th power of the pressure, which 

* ZeiUchrift Phytikal. ChemUt VoL xTn. p. 1. 
t PJhtt. Jfotf. B. 6^ Vol. vn. n. 966 s YoL fin. p. 14. 
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would come within the range of the above formula. Schmidt*, 
however, tiuds that his results agree more nearly with the view 
that the rate of diffusion is proportional to the pressure ditference 
on the two sides. These statements are not howpver necessarily 
contradictory, as the experiments were not made under the same 
conditiuiis. In Schmidt's case there was a high prensure on both 
side" of the palladium tube so that the square root term would 
Dot be proportional to the sqiiart: root of the difference of the 
pressures, but to the difference of the square roots of the pressures. 
Now the differences of the square roots of a series of n ambers 
like a, a -}- 6, a + c, etc., where £,c,etc. are small, are approximately 
proportional to the differences c, b. Hence, unless the experi- 
raeiiid of Schmidt were very accurate we i^hould not expect them 
to be capable of deciding how the rate of diffusion varied with 
the pressure. 

A closer examination of Schmidt's numbers fully substantiates 
this conclusion. The numbers given in Tables XIV — XXVII of 
his paper are the times necessary for the volume of hydrogen 
inside the apparatus to increase by 1 cm. of the barometer tube. 
If Pi is the pressure and 6 the temperature of the gas in the 
barometer tune it will be readily seen from the data ^ven that 
(he number of gram moleeales which correspond to this increase 
in vohime is given by 

•4006 X 6-98 X 10- x^^^. 

Now 273 + ^ is constant during the experiments within the 
total experimental error so that the mass of gas diffusing per 
second v^es as P,/f, where t is the value given in the thud 
oolomn of the tables cited. Hence if the rate of diffusion were 

proportional to the pressure difference (P« — P^) ^ should be con- 

t 

stant, if it were aa the square root of the ])re6sure (Po* — Pi*)-5- 

would be constant, whilst on the general dissociation theory this 
constant quantity would he one of tne above terms pins a constant 

qoantity into the other. 

To test the relative agreement of these formulae values of 
(Pt-PO^/Pi , and (Po*- P,*)«/P, calculated from Schmidt's 
numbers ue given in the following table. The first column gives 
the table in Schmidt's papco* from which the numbers are taken, 
the second the temperature in degrees centigrade of the palladium 
tube during the experiment, the third the values of f/Pi, whilst 
the fourth and fifth contain values of (P«-P|>|/P| and (P«*-Pi^>t/Pi 
respectively. 

* loe. di. p. 767. 
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I 


11 


III 


IV 


V 


Table 










XXII 


300* 


•224 
•286 
•366 
•603 


672 
715 
7-32 
7-66 


•441 
•454 
•454 
•447 


XXIV 


290* 


•240 
•288 
•366 
•473 


720 
7^20 

7-32 
710 


•468 
•458 

'458 
•435 


XXV 


222* 


•408 

•508 
•608 
•887 


12-24 

12- 70 
12 16 

13- 30 


•799 
•804 
•748 
•798 


XXVI 


21S* 


•433 
•528 
-668 
•860 


12- 99 

13- 20 
1336 
12-90 


•844 
•840 
•836 
•792 


XIV 


170' 
166* 
140* 


•98 

•84 
163 


29-4 

25*2 
48-9 


1*91 
1^1 
318 


XV 


300" 
225° 
149* 


•246 
•431 
1-51 


7-38 
12-93 
4530 


•479 
•840 
2*940 


XVI 


282' 


•239 


717 


•466 



'he constancy of the numbers in columns IV and V for any one 
jmperature serve? a^^ a test between the two formulae, and for 
ois purpose the hrat four lots, each of which was taken under 
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idcnti«l conditioiis except for the pievare variation, aie of most 
fahe. It will be obaeired that toe valuee from Tables XXTT 
and XXV give the jnreatest oonsta&oy with the eqaace root 
Ibramla, those from Table XXIV sgtee best with the direet 
ibnniila, whilst in the case of Table XaVI the agreement is about 
the same in both cases. We oondnde therefore that the range of 
prosiure differences employed by Schmidt is not great enongh to 
settle this question. 

It may peihaps not be out of place to point out that, if we 
mav assume the term inTolving the square roots of the pressures 
to be the more important of the two, the values ffiven by Schmidt 
for tiie quantity of gas diffusing in unit time at oifiiBrent tempera- 
tures are in agreement with what we should expect on the dis- 
sociation theory. On that view the temperature variation of the 
rate of diffusion depends almost entirely on the variation of the 
dissociation constant of the hydrogen inside the metal, whicdk in 
torn is given by the formula = C6€~^, where C is a constant 
sod q m the heat necessary to dissociate one molecule of hjrdrogen 
uuide the metal. Following the method of calculation in PhiL 
Moff,, Set, 6, Vol vm. p. 28 we find 

logi^i' + ilogit^-^+Q^g^/^' 

where L is one of the numbeis in column V of the preceding table 
and B is a constant. 

The following values were obtained by taking the means for 
neighbouring temperatures of the numbers previously quoted 
fiwn Tables XIV-^XVI of Schmidt's paper. 



I 


n 


HI 


Gwlipad* 


Ife aiMK>lato 




144* 


2-40 X 10-* 


1-796 


168* 


M7 x 10-» 


1*570 


2J0* 


Ml X 10-» 


vm 


»1* 


l-TT X 10-» 


1*0605 



It will be noticed that the numbers m columns II and III come 
fery near to satisfying the linear relation given above. 

If we calculate the value of q for the above figures we get 
10*88 X lO* calonea. The corresponding value for hydrogen 
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dissolved in platinum was found to be 9*126 x 10* calories. 
These (quantities are of the same order of ma^itude as the heats 
of solution of one gram molecule of hydrogen id the metals, which 
were found by Mond, Bamsay, and Shields* to be 8*74 x 10* and 
IS 22 X 10* calories for palladium and platinum rsspectively. 
It will be noticed that if the dissolved h^arogen is practically all 
dissociated the sum of these two quantities for any one metal 
would be the heat of solution of if no dissociation took plsoe. 

This note will not altogether fail in its purpose if it succeeds 
in drawing attention to the fact that fresh expecimeDts on this 
subject are required. No doubt accurate experiments ate meie 
difficult to make with palladium than with i4atinum, and te 
obtain unexceptionable results two points must oe carefully borne 
in mind. One is to make certain of the pressure law by using as 
great a range of pressure differences as possible, and the other is 
never to let the external pressure become so great as to admit of 
the formation of two immiscible solid hydrogen solutions inside 
the metal. 

* Phil, Tram, A. VoL o»». p. 106. 
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Some OpticaUy Active Nitrogen Compourids. Miss M. B. 

Tbohas and EL 0. Jones, M.A., Clare College. 

[JSUad U November 1904.) 

The work was undertaken in order to institute a qtiantitative 
comparison of the molecular rotatorjrpowers of different substi- 
ti]ted qnatemary ammonium bases. The compounds of this type 
whifh have hitherto been described give salts with catnphor- 
sulphouic and brom-camphor-snlphonie acids which are stable and 
easily soluble in water. These salts can, in many cases, be resolved 
into their d and I components by fractional crystallisation from 
sin'table solvents. Since the molecular rotation of salts of active 
acids and bases in dilute aqueous solutiou is the sum of those of 
ihe acidic and basic ions, the rotation of the basic ion can be 
obtained by subtraction of that of the acidic ion from the total 
molecular rotation. Since the rotatory power of an ion appears to 
be unaffected by many of the conditions which alter that of liquids 
or of non-electrolytes in solution to a considerable extent, it is 
possible that any regularities which exist may be more evident 
m the ^lues for ions. The bases investigated are those in which 
three of the groups substituting ammonium hydrogen atomii 
(phenyl, benzyl, and methyl) are kept the same, while the fourth 
If miooeerively repUoed by the isopropyl and iaoomyl radiealB. 
The bit>m«-cunplior-aii1phoiiatei or campnor-salphimfttes of these 
bates mpeotiTely were prepared by Pope and Peachey's method, 
■ad Imetionally crystallised until a constant rotation was obtained. 

Phni/l bmiyl^Bopropyl-fMthvl ammomim iodide was obtained 
by mixing methyl-isopropyl-aniune with benzyl iodide in mole- 
calar proportions. The iodide thns formed was recrystallised fh>m 
methjrlated sfiirit (iLP. - 188* G.) and heated with the calculated 
quantity of silver d brom-camphor-salphonate in ethyl acetate. 
The solntion ali» filtration from the precipitated silver iodide de- 
posited ofystals ci phenyl*benEyl*isopropyl-methyl ammonium d 
brom*camphor-snlphonate (M.P. 184 C). This was recrystallised 
from (1) ethyl acetate or (2) wcUtr, The salt of the laevo base is 
the less soluble in both liqaids, and after three crystallisations 
Irom either, a constant molecular rotation ([iflD = * 123*") in dilute 
aqueous solution was obtained. Thus for the laevo basic ion 
[ir|p==-d93° ([M]p for d brom-camphor-snlphonic ion -270]'). 

/ phenyl-bentyl-iiopropvl-^nMyl ammonium iodide was preeipi- 
tated from the brom-camphor-snlphonate by addition of potassium 
iodide to the water solntion. The active iodide melts at a slightly 

▼oi*. zm. PT. I. 3 
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lower temperature (132°) than the inactive iodide and crjatallises 
in quite a different form. 

The crystals of both iodides have been examined by Mr Dain, 
of Clare College. The laevo iodide crystallises in the tetragonal 
system, whereas the crystals of the inactive iodide belong to the 
oolique system. The inactive iodide must therefore be a racemie 
compound : the melting point of either iodide is however depreased 
only very slightly by admixtore with the other. 

The active iodide is stable in alcoholic solution and [M]d io 
absolute alcohol » — 488^ It is however racemised in chlorofiNnn 
solution, a solution with a molecular rotatory power [M]j, « — 506* 
becoming completely inactive after two days. 

Phmyl4>muyl-i8oamf^^n^vl ammmium iodid$ was prepared 
h^ treatment of roethyl-isoamyl-aniline with the tbeoretiod quaa* 
tity of bensyl iodida After crystallising from alcohol it formed 
small pnsms which melted at 156*' C. The d camphor*suIphoiisle 
was prepared from it in the usual manner. The salt of the laevo 
base is the less soluble in acetone, hut many recrystaUisations aie 
required before the separation of the d and I constituents is oom- 
plete. After twenty recrystallisations the salt melts at 178— 
8*5** C. and ha.s [Af]^ = — SI?'', and the rotation ie not yet constant. 
The value of [M]j, for the d-camphor-sulphonic ion is 51*7'' so 
that the basic ion already has a molecular rotatory power of nearly 
— 370^ The iodide recovered from the camphor>8ulphonate meito 
at the same tempjerature as the inactive, gives iM]p — — 478^ in 
alcohol, and racemises in chloroform solution. 

A comparison of these results with those obtained for the 
corresponding ethyl and allyl compounds shows: 

(1) That substitution of the isopropyl or isoamyl for the ethyl 
group causes a change iu the raolecubur rotation of more than 
370° and 350** respectively for phenyUbensyl-ethyl-methyl 
ammonium ion » 19°). 

(2) Substitution of isopropyl or isoamyl for allyl increases 
the molecular rotation to a great extent ([Jfjj) for phenyi-bensyi- 
methyl-ally] ammoiii\im ion = 166°). 

These results are striking, and several other compounds are in 
process of resolution in the hope that some regularity in the efifect 
of the various radicals may be observed. It is noteworthy that 
the etiect of au urisaturatea group in increasing the rotatory power, 
which is so frequent in other series of compounds, is not shown in 
this senes* 
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On 0ie Tnherikuiioe of Tortois&thell and BelaM Coloun in 
CaU, By U Doncastbb, M,A., King's College. 

[JUad 28 November 1904.] 

Tt is well known that Tortoiseshell cats are almost always 

females, and it is commonlv said that the cnrrespnnding colour in 
males IS orang^e (othrrwise described a.s red or yellow). Tn the 
hope of throwing light on certain other ca^^es of varietieH confined 
to one sex I was led to inquire into the matter more fully, and 
with that object wrote to a number of owners of pedigree cats 
asking for further information. I received a considerable number 
of reph'eR, which are so closely in agreement that there can be 
little doubt about the accursuiy of the statements, and it is wholly 
upon the evidence so obtained that this note is based. 

Tortoiseshell kittens may be obtained from the following kinds 
of matings : 

(a) Tortoiseshell % x Tortoiseshell ^. 

(b) n X black or blue 

(c) n ^ cnnge ^ . 

(d) Onage $ x orange ^ 

(e) „ X black or blue ^. 
(/) Black or blue ? x orange ff. 

In all of these matings in addition to TortoiaesbellB, kittens of 
other oolonrs may appear, viz.: 

(a) Tortoiseehell 2 x Tortoiseshell (f gives Tort., orange, 
black. 

(6) Tortoiseshell % x blat^ or blue ^ gives Tort f , otange 
^, black 

(e) Tortoiseshell f x orange gives Tort, orange, black. 

(d) Orange ? x orange gives either Tort., orange (and in 

one ca^e blue, see below); or, only orange. 

(e) Orange ? x black gives Tort. ?, orange 

(/) Black 2 X oraoge ^ gives Tort, black (and probably 

orange). 

(ff) Black i x black ^ gives only black (or blue). 

Fkom these Ihets it is clear that tortoiseshell is a heteromoos 
km ; it is produced by mating orange with black, both of which 
csa be fated trae, but in the rare cases when a tortcuseshell % has 

3—2 
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been paired with a tortoiseshell ^f, orange and black kittens hare 
been produced in addition to tortoiseshells. The question then at 
once arises, why are tortoiseshells almost exclusively females, the 
number of certainly known males of this ooloar bein^ very small ? 
The answer appears to be that in the male orange is completely 
dominant over black, while in the female the dominance is in- 
complete, and tortoiseshell results. On this hypothesis all the facts 
given above arc explicable : for example, in mating (e) orange ? 
X black en VPS only tortoiseshell and orange kittens, since ooth 
the parents are homozygcius, an(] of the otiPspnng (heterozygous) 
the females are tortoiseshell, the males orange. In the reverse 
mating (/) black ? x oranee^^, the male may be heterozygous, 
and hence blacks appear in the o&prmg. If black be represented 
by Ji, orange by 0, we get 

(•) BxO» (/) BxBO 



B^f BB^T? bX? b1* 

TortoMbdl Ofanga Bladk Tortoimlwli Onsfi 

In the same way in mating (6) tortoiseshell ? x black ^f, orange 
appears iti the offspring, since the male heterozygotes are orange, 
the female tortoiseshell. 

This accounts also for the fact that orange females are very 
rare, although males are common, fur in all matings in which one 
of the parents is black, orange cau\ appear only m the male 
offspring. If therefore the great majority of orange males contain 
recessive black, when they are paired with tortoiseshells, only 
a quarter of the kittena will be pure orange, and only half of thw 
females. 

In additiea to the evidence cancerning the relatioiis betweeo 
orange and black, I have obtained a quanti^ of inlbmation 
respecting cream and blue. These two oolouia appear to be 
dilute forme of orange and black, and haye exactly similar re- 
lations to one another. Two blues, firom yellow anoeetois, when 
paired together give only blue oflbpring, aotfi are therefore faomo- 
sygous ; a cream $ x blue ^ gives flue tortoiseshell (blue and 
cream) females, cream males, but no blues ; a blue % x cream 
^ on the other hand gives blue tortoiseshell females, blues of 
both sexes (and poasiluy cream males, but of this I have no 
certain evidenoeX Blue tortoiseshell $ x bine ^ gives blue 
tortoiseshell females, blues of both sexes, and creams (mostly, 
possibly always males); blue tortoiseshell ^ x cream ^ gives blue 
tortoiseshell females, blues and creams of both sexes. These 
results S16 exactly like those obtained with orange and black, and 
can be accounted for completely on the hypothesis that cream is 
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dominant over blue in the male, but in the female the hetero- 
zygote is the blue tortoiseshell. 

Creams may be obtained bj pairing orange with blue, %.e. tbe 
dQution majr be tnnsferred firom the bliie to the moge, yielding 
craam; but this does not take place in all the kittens, sinoe 
mange, blue, and tortoiseshell may also appear. It seems also 
that although in the female orange is not oom|detely dominant 
over blaek, yet it may oontain leoenave blue, for in one case 
m orange female with blue in its aneestnr, when paired with an 
male, gave tiiretf tentoiseehell females and one blue male. 
Orange may probably contain recessive cream in either sex, and 
Mack is certainly a simple dominant over blue. 

To iJinstiate the above I give two genealogical tables 

(1) Ormnge <f x Tabby Tort 9 Orange (f x BlMik f 

I f I ! 



Bhw^xTofftf Blsflk X Tbrt. ? 

I I I 



# K Bl ea k f (hmiig«# x Tmt9 



1 



OrJisa f 



(I) Orange x Orange Blue x Blue Cream d x Tort 

^ f ^ loit (ftomaQvir 9 

I I i^*^ 

BhM 4 X Blno 9 Bine s x Oraaga 9 0mm ^ x Oraam 9 



L 



I 



BtaM # X Blaatort.« Bloa^ x On 

I 1 . I 

Chnaai i x TMj tqft 9 

' 1 ' 



I ^ I 

8 Cream c? <r 
1 Blue Ion. 9 



• For the secoDcI table, with many 
Ike inl, ohieAy to Miae A. M. Bopar. 



olhm,! asalaaaMad tolliM W.Beal; for 
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Several smftller points renuuD which are not quite dMr. 
On the hypothesis that in the male orange is dominant oret black 
and cream over blue, while in the female these combinatiQiis give 
tortoiseshells, yellow males should result from the pairing black % 
X orange (or blue J x cream J"). I have obtained no certain 
evidence that this occurs; my correspondents mention Ut/k 
(or blue) and tortoiseshell, but say nothing of yellows, but in one 
mating of this kind a male tortoiseshell was produced. 

Male tortoiseshells are occasionally obtained, and it must be 
supposed that in them the dominance of the orange is incomplete. 
A tortoiseshell ^ paired with a female of the same colour givee 
tortoiseBhell, orange, and black kittens. I hear however of ooe 
case where a tortoiseshell mated with his own daughters of Uie 
same colour produced almost eutirely orange or orange-and -white 
kittens, and a small proportion of blacks; with other tortoiseshell 
females my correspoudent says "he aired tortoiseshells freely." 

All the c)Ionrs mentioned maybe associated with a certain 
amount of white, and this reaf^iears in the offiipring without 
affecting the inheritance of other colours; the presence of white 
(i,e, the piebald character) seems to be a separate allelomorph as 
in the case of rats and mice. 

My investigation of the inheritance of tortoiseshell colour was 
undertaken in connexion with a general inquiry into the nature 
of varieties confined to one sex, but does not appear to be 
analogous to other cases known to me, 

Vaneties confinorl to one sex appear to be of several kinds; they 
may be Meudeiian rt( essives,as in the variety lacticolor of AbniMS 
grossulariata, exhibited this year at the British Associathm, and 
in this case by suitable mating the variety may be tmnsferred to 
the male. Human colour-blindness is possibly also of this nature, 
but is nsually found in the male instead of the female. A tiecund 
type IS when a local race reyeoibles the normal form in one sei, 
but differs in the other, e.g. % var. hryoniae in Pwris napi, or 

var. rustica in Spilosoma mendica. In such cases a cross 
between the two races yields intermediates, and reciprocal crosses 
give siniiiar results. Finally in the tortoiseshell cat the female 
variety seems to be produced by defective dominance in one sex 
of a colour completely dominant in the other. 

In conclusion I wish to acknowledge my indebtedness to ray 
numerous correspondents, especially M.ij>s W. Beal, and Sir C. 
Alexander, fur the large amount of information received from 
thetn, only a small pact of which I have been able to include in 
the account given. 
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On the vibrations of atoms contain ing 4, 5, 6, 7, and 8 corpuscles 
cmd on the effect of a magnetic field on such vibrations. By 
J J Thomson, M.aJ, F.iiS,, Cavendish Professor of Experimental 
Physics, Cambridge. 

[Eeceived 27 December 1904.] 

The paper cootftiDs an inTeatigatiim of the time of ▼ibration of 
model atoms of some oompleadty, it was undertaken in the hope 
lliit the properties of these models mi^ht throw some lu^ht on the 
eAct of a magnetic field on the lines m the spectra of Inihinoas 
bodies. 

Oois of Four Oorpmeiei. 

We suppose that we have four equal corpuscles with equal 
charges of negative electricity placed within a sphere of uniform 
fwsitive electrification; when in equilibrium the corpuscles will be 
situated at the comers of a regular tetrahedron with its centre at 
the centre of the sphere. We can easily show that if 6 is the 
radius of the sphere of positive electrification, and a the distanoe 
of any one of the oorpnseles firom the centre of the sphere, then 
when the attraction or the positive sphere on the corpuscle is equal 
sad opposite to the repulsion eiertea by the other tuee ooipnscles 

the positive chai^ge in the sphere being equal in magnitude to the 
sum of the native cluuges on the mur oorpuscl6& This result 
may be ezptessed by saying that when in equilibrium the distanoe 
belnreen two oorpuscles is equal to b. 

Let OS call tne equilibrium positions of the four particles 1, 2, 
3, 4 and let us take as our axes of coordinates the lines joining 
the middle points of opposite sides of the tetrahedron. Tne line 
joining the middle pointe of (12). (34); (13^ (24); (14), (23) being 
taken aa the axes of m, y» s respectively ; the coordinates of the 
points 1, 2, 8, 4 are respectively («,«,«), (a, -a, -a). (-«,«,- a), 
(-a; —eL^aXwhete Za^-a*. 

If (fn Vr, the displacements of the rth particle from its 

position of equilibrium, m the mass and s the chaige on a corpuscle, 
we can show that the vibrations of the system are given by the 
equatio&a: 
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where 

and *~^» 

thaB p, r which are proportional to the coordinates of the centre 
of gravity of the four corpnaclea axe principal coordinatee and their 

vibrations give three periods each equal to 2tr ^ . 
If 

i>i-fi+fi~(&+W. qi^ni+fh-in*-^V4\ n-fc+tt-(t»+W. 

we find 

d* d* 
<i* d* 

where il^ — ^ = }^> 

Thus the re main log nine principal coordinates of the 8j8tem> 
which has twelve degrees of freedom, are 

Pt — Qi, Ps — fi> 9s -^t I the three correepondiDg periods of 
vibration are infinite; 

J^ + ^i» + 9» + ^2. the three corresponding penods of 

vibration are 27r y^^^ ^ ; 
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Pi + ft + »• with a period Sir ; 

|h ~ £i» J>i ~ ^1 With two peritxib 27r y/ j ^ . 

Thus there are four difFereiit periods the squares of which are 
in the proportion of 1, 2, 3, 4. 

£jfmi of a magneiie field on the vihmtione of the tetrahedron. 
If a, A 7 are the oomponents of the external magnetic Held, there 

will be terms in the expression for m , equal to e^ — ey 

in addition to the tenna independent of the magnetic %ld, and 

oorrespondiDg terms in the expressions for 

Hence instead of the equations 

i» ■» — lep, etc»f 

we have 

cL^ d d 

«» ^ -- + ^ (6 + ft + {i + W ^ 

Similarly 

d*Q J dp dr 

or if p, r vary as c****, we have 

(jfi^'-ib)" *)/iV(a« 4- + 7») =« a 

The roots of this aie 

k 



where ^ = + iS' + T*. 
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The chan^ in the periods of this oecillation we the 
those of the single particle investigated by LorentL 

The effects on the other principal ooorainates are more compks. 

Let p^^g^w^y|r^, /J^-fri^^, «t + r,«^i, 

|h + g« + r, = t, 

Then the equation 

becomes when there is a magnetic field 

Now if the vibrations are only slightly disturbed we need only 
retain on the right-hand side the variables whose free periods 
are the same as that of ie. we need only retain the tenns 
in $1 and hence we have 



fit 



m 



From the form of these equations we see that they diffior froni 
those for a single particle in that the terms involving the magnetic 
force are muItipUed by the fiictor henoe the eflect of tbe 
magnetic force on this vibiation is only ^ the normal effect^ wliil^ 
the effect on the yibration corresponding to ^, 9, r is as we lisw 
normal The magnetic field oas, to a first appiroximatioQi so 



efiect on the vibrations of the coordinates $, Xt» X|. 
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Case of Five Corpuscles, 

One position of equilibriam is when four of the (X>rpu8ele8 are 
at the corners of a regular tetrahedron while the fifih is at the 
centre of the tetrahedron. 

y, « be the coordinates of the centre of gravity of the 
five corpuscles, f„ i^, f„ ft, i^, f,, f„ f„ the coordi- 

nates of the four outer corpuscles relative to the central corpuscle, 
the direction of the axes being the same as in the last example. 

Then if 

6 + ft + ft + {4=;>. «h + i?i + n, + 1^4 = 9, fi + & + f« + fc-r, 
fi + f4-(ft+W=p», vi-^V4-ivi + v»)^q»> ?I-^-^4-(?i + W = r„ 

we have 

Thus, w, y, s Bre principal coordinates, the time of vibration 

We have also 

^ + g» + r,) « - A?! (pi + 2, + r,), 

d* d' 
«gi(Fi-gt)--^(ih-«t) and «ig|^(p,-r,) = -A:,(p,-r,), 

3 

where ki^Sk, ^1QV2^ ^ 

3V8'^472 

Thus pi + + i>i — 2«» i^i principal coordinates. 
Again 

d* d* d* 

Thus jab 9i» Pi ~ 7*1, 9, - Ti are also principal coordinates. 
The remaining nx principal coordinates are 
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If here Xi, X, are the roots of the equation 

or approxiinalelj 

The eonrespondiog perioda are 

Efeet of a magneUc fiM m p$riodt. The effiwts do the 
vihratioDfl ccmepondiiig tow, y,$tae wmal, that on 

ia lero, while the efiiBcta on the ooordinatea 

r + X, (p. + g,), r + X,(j[>,-+-2i), 
are reepeetively about || and ^ of Uie nonnaL 

Oiue Sub Oarpu§olm» 

The six particles when in equilibrium will be at the comers of 
a regular octahedron. Denoting the positions of the corpuscles 
when in equilibrium by the symbols 1, 2, 3, 4, 5, 6, let us take the 
line joining 1 and 6 as the axis of x, that joining 2 and 5 as the 
axis of y and that joining 3 and 4 as the axis of z. If a is the 
distance of any one of the corpuscles in its undisturbed position 
from the centre of the sphere of positive electrification then the 
coordinates of the pumts 1, 2, S, 4, 5, 6 are a« follows 1 (a, 0,0), 
2 (0, a, 0). 3 (0, 0, a), 4 (0, 0, - o), 6 (0, - a, 0), 6 (-a, 0. 0); let 
ir, irt Kr he the displacement of the rth oorpuscle from its position 
of equilibrium, then, m being the maaa and e the charge on t 
oorpuscle, the oedllatione of uie oorpuacles will he giren by the 
Mowing eqoationa 

•*^'*~*!p» 

where 1>- ft -f fi + f. + + fi +ft. 

r-fi + f. + r, + f4 + fc+6, 
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and ^ " 'ji't where b is the radius of the sphere of positive eiec- 

trioity, Tbm p, q» r, which are proportional to the cooidinateB of 
the centre of 0|*vity of the ax coroascles, are principal coordinates ; 
the time of Oration of each of tnese coordinates is 

If p,«2(6 + fc)-(ti + & + f. + ft). 

P. = (fa + f 5) - (f . + f*). 

^» + - (^i % + V4), 

n=2(f.+w-(r,+{i+r.+Q. 

thm we can show that 



with similar eauations for ^a, 9^1 Hence Pi^pt^qu Q%% are 
priDcipal oooramatee, the time of vihration corresponding to the 

oooidinatea with the suffix one is 2ir a/^» that curreHpaodmg to 
tbow with the suffix two is Sir a / ^ , 

4^+1*' *'-4Va+i 

tt-6-iK, 

then 
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Thus ^ i i|r3, ^1 f ± '^i ttre principal coordinates, thne 
of the times of vibration are infinite* and three eqdal to 

We have aJao 

Henoe the three remaining principal ooordtnates are 

. 12V2 + 3. , . 3\/2 + 3' 
«4 = « and «i ■ — ~ k. 

4Vi+l 4V2+i 

^«ci <^ ma^fneUe fidcL We can show by the method 
abneadj used for the tetrahedron, that the effect of the mwoetie 
field on the coordinates p.q.ris normal, that on the coormnate* 
Pi» Pb» qu qt> ru r„ 4h + ^1 + ^j. + half normal, and that 
on the coordinates (^i + ^ + ^1 - ^1 — V^a zero. 



Case of Seven Corpuscles. 

An arrangement in which the corpuscles are in equilibriom 
though not as we shall see in stable equilibrium, is when six are 
at the comers of an octahedron and one at the centre. 

If w, y, g are the coordinates of the centre of mvity of the 
corpuscles, fri Vr, ?r the displacement of one of me outer oor- 
pueeles relative to the central one, then we can show that a:, y, t 
are principal coordinates, and that the equilibrium is stable lor 
disptaoements which change only the values of a;, y, z. Using the 
nntation of the last paragraph, we find ^ ± ^„ ^ ± 0^, 6g±^, 
+ ^ + "f 3, - ^, - JO,. 5-,, r, are again principisd coordi- 
nates for whose displacements the equilibrium is stable. 

The remaining six principal coordinates are of the form 

where X,, A, are the roots of a quadratic equation, with corrsspoiid- 
ing coordinates for the 9'^ and fs^ for these diaplaeemeata the 
equilibrium is unstable. 

The stable form for seven corpuscles would seem to be five is 
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one plane at the corners of a pentagon, the other two on opposite 
sides of the plane, the line joining them passing perpenHioiilarly 
to the plane through the centre of the pentagon, the distance of 
either of these from the centre ia about |^ of the distance of the 
other five from the same point. 



Case of Eighi Ccrpuacles, 

These when in equilibrium will be arranged at the comers of 
a cube. Take as the axes of y, z the lines through the centre 
of this eabe parallel to its sidea Denoting the eij^t corpusoles 
by the fljmbolB (1). (2)^ (3), (4), (5), (6). (7), (8), let the cooidi- 
natee of these when in equilibrium be given by the scheme 

(1) (a, a, a), (2) (- a, a. a). (8) (o, - o. a\ (4) (a. a, - a), 

(8) (- a, - a, - a), (7) (a» - a, a), (6) (- a, o, - a\ (6) (-a, -a, a). 

Let the displacement of the rth particle from its position of 

equilibrium be fr» i7r. fr- 

For the sake of brevity denote + by Xr^ ~ ft-r hy Z/, 
Vr-^v^r by vr-v^r bjf F/. Cr + (^ by Zr. tr-fi-r by Zr\ 
then we may show that 

«^(F,+ F.+ F,+ FO--ifc(F»+ y,+ F.+ FJ, 

where and 6 is the radius of the sphere of positive 

dsetrifieation. Thus IX, S7, 2Z are principal coordinates, they 
are proportional to the cooidinates of the centre of gravity; the 



time of vibration corresponding to these coordinates is 27r 




If Z, + Z,-(Z,+Z4) + Ft-I- F,- (F,+ F4) - itu 

Z , + Z. - (Z, + Z,) - ( F, + F.) + F, + F, = -ifr,, 

Z1 + Z4- (Z,+ Z.) + + - + ^4) = *l, 

Zi -f Z4 - (Z, + z.) - + ;i) + ^, + Z4 - ^, 

F,+ F,-(F.+ F,) + (Z, + Z,)-(Z, + ^,) = ^., 
F, + F4 - ( F. + F.) - + + (4 + Z4) - ^„ 
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then 

4+ + 



where — 

4+4+ * 



*. J^Lll^*. 

The arrangemeDt of eight oorpasclee at the ooro«m of » cube 
ia howersr mutable, for, if 

q'Y, + Y.-(Y,+ Y,), 

we find 

« ^ (P - 9) - (2 - 2^ - 3^) S - 3)' 

and, since 2 — - is podtiye^ the oabieel aitaDgement ii 

unstable for a displacement when p-^q has a finite value. We 
can show also that the cubical arrangement is unstable, efen 
although a corpuscle is placed at the centre. 

The stable arrangement for eight particles is when we have 
six particles at the comers of an octahedron and two others at 
equal distances from the centre on one of the lines joining 
opposite corners of the octahedron ; the octahedron will no longer 
be regular, the axis along which the two extra, particles are placed 
being longer than the other two, approximately in the proportion 
of 4 to 3, the distance of the inner particles from the centre is 
about I of the distance of the furthest comer of the octahedron 
from the oentieu 
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On tlie positive elecirijicahon of a rays, avd the emission of 
slowly movinr/ cat!) ode rays by raditj-active subataticea. By J. J. 
Thomson, M. A., F.H.S. 

[Bead 14 November 1904.] 

The ezperimantB described below were undertaken with the 
object of detecting the positive charge on the a rey& Ratbeiford 




/ \ 




Fm. 1. 



lias shown that the a rays are deflected by electric and magnetic 
forces m the same direction as a positively electrified body, but I 

VOXi. XXU. FT. L 4 
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am not aware of any experiments in which the positive electridtj 
carried by these rays has been transferred to a conductor and 
detected by the electrification of the conductor. I only succeetied 
in doing this alter a lengthy investiqntion in the course of which 
some prnpertioF! of polonium and radium, which seem interealiDg 
and important, canic to light. 

The first expyriijients \v( le made with polonium. This body 
IB suppoHcd only to give out a rays so that it seemed especially 
suitable for this purpose; it was found ho\srver that polonium 
gives out in addition to a rays large quantities oi slowly moving 
cathode rays. 

The polonium (obtained from Sthamer; was deposited on two 
discs, one bibituith, the other copper. The method used was as 
follows. A gold-leaf electroscope A (Fig. 1) wats placed m />, a 
large gUuss vessel coated with tinfoil^ (orinccted with the e^irth. 
The leaves of the electroscope were supported by a btiek of fused 
quartz (7, and were charged by the wire Z). The polonium discs 
were plact;d in the bide tube K, lu the earlier experiments the 
diac was about 4 cm. from the electroscope, (r is a tube coniain- 
ing hard charcoal, it was added for the purpose of obtaining high 
vacua by De war's method of immersing charcoal in liquid air; for 
the experiments we are describing to succeed the vacuum has to 
be exceedingly good, and I have found Dewai'a method of the 
greatest iKMoble assistaiice, giving in a few hours better ?aciift 
than I previously obtained by several days' numpinj^. 

The Teasel containing the eleetroaoope ana poloomni naa aat 
ap between the polea SL a powerlul electto-maffnet which when 
excited gftTe a field of abont 1200 ao.& nnita between the polo- 
oium and the eleotR)acope. 

In theae experimenta the electroscope was ohaiged alternately 
with poaitiye and negative electricity, and the rate of coUa^ cif 
the leavea meaanreof by a reading mioroecope provided with a 
micrometer eye-pieoa The potential to which the eleotraoope 
waa charged waa ± 180 volta If the polonium gave out muy 
« rays we should expect the rate of leak to be modi more ruia 
when the electroscope is charged with negative electricitjr than 
when chaijged with positive. It was found however that exactly 
the opnosite efifect occurred, the leak being almost n^gUgibw 
when tne charge in the eleetroaoope is neoative and vexy iqppiecir 
able when the clu^ge is positive. The following observatiooa are 
samples of a laiy^ numb^ all ahowing the same efifoct 
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Distance oj polonium from electroscope 4 cm. 

MMmmm. in fire minates r»v.,«- «m 

in Male dividong of Ghwcg^fm. 



miorometer eje-pieoe 

70 + . off 

2*5 + on 

5 _ off 

5 — on 



Distance of poiomum jrom electroscope 6 cm. {this was 

a dijferent tube), 

SO + off 

1 + on 

1 - off 

1 — on 

Thus we see that when the electroscope is charged with 
p(^tive electricity there is a large leak which is practically 
stopped by a magnetic field, while when the charge is negative 
there is very little leak. This ahows that the polonium giv(38 
out streams of negative electricity, we have however as yet 
no indication of any emisaion of positive. I waa never able to 

ft an increase in the negative charge of the electroscope, this 
aLtribute to the velocity of the catnode rays given out by the 
poiuniurn being so low that they are not able to make their 
way against the repulsion exerted by the negatively electrified 
electroscope. In order to be sure that the effect was due 
to the polonium I had the polonium disc mounted on swivels 
so that by tapping the disc could be made to lutate about a 
vertical axis and the face on \vhich the polonium is deposited 
made to face towards or away fi'oro the electroscope. When the 
polonium-Coated face of the disc w^as tosvards the elcctroRcope, the 
Itak, when the latter wlus charged positively, was 45 divisiouis 
when the magnet was off, six divisions when the magnet was on; 
WD en the electroscope was charged negatively the les^ was seven 
divisions when the ma^et was off, three when it was on ; the disc 
was then tapped until it turned through 180 degrees, the polonium- 
coated face now facing down the tube E, and away from the 
eieetroaoope, the leak when the eleetioacope was wmtbfefy obaiged 
was now only three when the magnet mm off, and it was too EmXL 
to detect when the magnet was on. When the electrooope was 
nmliyely dumd the leak was one with the magnet ott; zero 
wilo it on. Ais shows that the leak observed is due to the 
pohauam. There is however a considerable leak When the disc 
IS so placed that rays proceeding normally from the disc could not 
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strike against the electroscope, thus when the disc was tapped so 
that it tamed through an angle of 90^ from the position in 
which the polonium fiiced the electroscope, the leak in the electro- 
scope for a positive charge with the magnet off only fell from 
45 to 22y although in the new position no rays at right angles to 
the disc could reach the eleotiosoope. The negative particles whieb 
dischaige the disc in this case come ftom the walls of the vcsaol 
and are eitilier diffusely reflected oathode rays originating frxnn the 
polonium or are due to seoondary xadiation excited by the nys 
nom the polonium. 

The absence of any appreciable leak in the preceding experi- 
ments, when the electroscope is chaiged negatively, even when 
the negatively charged cathode rays are prevented by the magnetic 
field from reaching the electroscope, shows that the o rays must 
lose their positive charge, or rather have it neutralized bv the 
negative charge on the cathode rays, as they pass through the 
gwarm of cathode rays, These experiments have given no indi- 
cation of the positive charge on the a rays. I will now pfi^^s en to 
some experiments by which the positive charge on these rays can 
be detected. In these the polonium disc instead of being at a 
distance of 4 or 5 cm. from the electroscope is placed as close to it 
as possible: the distance in the experiments in which the following 
results were obtained was 1 millimetre. 



Ueak in scale flhMjjwi on 



Leak in scale 

diYuioQfl in jUato^iuiAM 

81 + 

0 + on 

9 * off 

5 — on 

It will be noticed that although with the ma^et off the leak 
is as before much ^eater when the electrutjcope is charged posi- 
tively than when it is charged negatively, owing to the copious 
emission of slow cathode rays by the polonium, yet now when 
the magnetic field is on the negatively electrified oody shows by 
far the bigger leak, in fact there is no appreciable leak with the 
positive charge. We see that now the a partickis are able to 
r( ;i( h the electroscope and give up their charge to it, these 
p;xi tides are but little affected by tne magnetic field, while the 
cathode particles are ahnost entirely stopped by it. The leak 
when the electroscope is charged negatively cannot be wholly 
due to secondar)*^ cathode rays emittea by the electroscope when 
bombarded by the a rays from the polonium, for these cathode 
rays unless moving with a velocity of about 10**cm./sec. would be 
8ti)))ped by the magnetic field, although it is probable that when 
liu magnetic held acts upon the vessel) part of the leak, when the 
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electooBOope is negative, may be due to this cause. A series of 
meaaarementB were made wying the distanee between the po- 
Icoimn and the deetrosoope, and it was found that as the 
distance increased the leak increased, when the charge in the 
dectroseope was positive, and diminished when it was negative. 

Experitnents with, Radium, 

Similar experiments were made using radium instead of polo* 
nium, the radium used was one of the earlier samples piocnzed 
ftom de Haen and was not very strong. The radium was spread 
oyer a horiiontal disc placed about t millimetres below a similar 
disc &8tened to the electroscope, the results obtained with this 
were the same as with the polonium. Thus when the electroscope 
waa charged pcmtively the leak was 39 in 10 minutes with the 
magnet o€^ 7 with the mi^net on, while when the electroscope 
was charged negatively the leak was 11 with the magnet off, 10 
with the magnet on. Thus we have a§|ain the positive leak larger 
than the negative when the maffnet is off, and smaller when it 
is on. The negative leak dimimsnes as the distance of the radium 
from the electroeoope increases, and when this distance is a few 
centimetrsB the negative leak is very small compared with the 
positive. 

The preceding experiments show that polonium and radium 
emit copious streams of slowly moving negative corpuscles, these 
streams only differ in the velocity of the particles from the ^ rays 
hitherto investigated, and it is to be observGd that they would 
escape detection by the methods hitherto used to in\'estigate )8ray8, 
for such methods only detect /9 rays able to traverse a considerable 
thickness of aluminium foil, i.e. /9 rays of great velocity, in fact the 
ability to penetrate this foil has been taken as the definition of 
a $ ray. We see too that if we define an a ray as one absorbed 
by a thin layer of aluminium foil, that a rays may be of two kinds, 
ae carrying positive, the other negative charges. The existence of 
these slow negative rays may have a very important bearing on the 
trana formations which radio-active matter undergoes, it may also 
be the explanation why the radium emanation which does not 
emit the fast /9 rays, yet seems to acquire a positive charge and 
be attracted by negatively electrified bodies; this would be the 
ca^e if the emanation like polonium gave out the slow /3 rays, 
investigations are in progress at the Cavendish Laboratory to see 
whether the emission of these slow cathode rays ib a general 
property of radio-active substancea 

Another point brought out by these experiments is the way in 
which these slow /9 rays tend to neutralize the positive charge on 
the a rays. This tendency for the a raya to lose their chargt; has 
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an important beuing on the determioalion of elm for the a myiL 
In these determimilioDS it baa been assumed that the a ray 
retained ito positive ohuge during the whole of its path under 
the electric and magnelic forces, in the light of the above experi- 
ments it seems by no means certain that this is the case. The 
point could be tested by making experiments with different 
lengths of paths; if the a ray retains it« charge, alteration in the 
lengih of path would not anect elm, if the xay lost its chaige it 
would. 

I wish to acknowledge my obligation to my assistant, Mr K. 
Everett, for the help he has given me with these experiments. 
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Note irn a property of orthogonal covariants of a binary 
quanHc By Arthur B£REY, M.A., King's College. 

[jReoeived 17 March ld05.] 

Let / = a^af^ + naiX^'^y + ...-^ o^y** be a binary quantio, let 
n, 0 denote the usuai operators 

and let A be written for H — 0. A functioti ol' tho coefficie nts 
and variable?^ which is unaffected, or changed in sign, when the 
variables undergo an orthogonal transfDrniation is called an ortho- 
gonal covariant. I conaider in this note only such "direct" 
orthugonal oovariants as are unchanged by orthogonal trans- 
forinaijons of the direct or rotational form 

It is cltariy suthcient to consider only such covariants as are 
houoogeneous both lu the variable?* and in the coefficients. The 
necessary and sufficient condition that a rational integral function 
of (Xj, Oi, ... X, y should be a direct orthogonal covariant is known* 
to be that it should be annihilated by the operator 

^ ^ A /IV 

ifdc^-^dy-^ (1>- 

Let the covariant be 

+ Ciof^-^y + ... + Cy"* = 0. 

* 8«8 te flflttttpl* BUiolt'i AtgtibTa of Qualities, chap, xt., or Sylmttc'f origiaal 
fi9«4ttoltd below. 

VOL. Xlil. FT. H. 5 
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Applying the annihilator and equating coefficients of the 
separate powers of x and y to zero we get the sj^htem of 
equations : 















- (m « r) Cr + A Ch.1 + (r + 2) Or+t = 0 




J 



Eliminating (7,, (7o, ... (7^ we see that (7« aatiBfies the panial 
differential equation 

<(»«(A)C. = 0 («). 

where ^(A) is the aymboUc detenDinant 

A, 1. 0. 0, 0, 0 

--f»» A, 2, 0, 0, 0 

0, -(m-1), A, 3, 0 

0, - 2, A, m 

0, 0, -1, A 

In this determinant the elements in the leading diagonal are 
all A, those in the parallel line immediately above and on thi 
right are 1, 2, ... m, those in the parallel line immediately below 
and on the left are — m, — (m — 1), ... ~ 2, — 1, and all the other 
elements are zero. 

To reduce this determmant let us first add the .3rd column to 
the 1st, the 4th to the 2nd, the 5th to the 3rd and so on, ihos 
obtaining a modified determinant which it is easy to write but 
troublesome to print. In this new determinant let us subtract 
the 1st and 2nd rows respectively from the .3rd and 4th; the 3rt! 
and 4th thus modified respectively from the 5lh and 6th, and so 
on. The last two rows now become 

0, 0, ... 0, A, m, 

0, 0, ... 0, — m, A, 

so that A* -f is a factor, and t he remaining factor, i.e. tbe 
minor obtained by suppressing the mth and m + 1th rows soii 
columns, is 
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Thtw #i,,-(A« + in>)<^_(A). 

Now ^(2)-(A« + 2«)A, 
80 tliat^ if m is even 

^ (A) s ( A» + [A> + (m - 2/j . . . (A» + 2«) A (3X 

and if m 18 odd 

^ (A) = (A* + i A^ 4- (m - 2)»} . . . (A« + P) (4). 

The equations (I) shew that, if the 8oaroe (7« is found 80 as to 
satisfy tho difieiential equation (2) then 0,, (7„ and hence the 
whole oovariant are detennined uniquely. If the source of a 
coyariaot of oider m is annihilated by an operator ^^^^(A) 
obtained b^ omitting r facton at the beginning of ^(A^ it is 
at onoe evident that the covariant is the product of a covariant 
of order m — 2r by (^i^ + It is suggested that, if the source 
of a covariant of order m is annihilated by an operator made 
np of sonie other selection of the fiw^rs of (^m(A), then the 
covariant is expressible in terms of covariants of Ulwer order, but 
I have not succeeded in proving any such result 

The result of this note was given in a question set in the 
Mathematical Tripos, Part II. 1897. I had not then read 
Sjrlvester s original paper " On the Principles of the Calculus of 
Inrms*"; I now find that the equation ^(iK)sO occurs there 
(ik 359 of the reprint) as an auxiliary equation in connection witii 
the problem of inte^ting the differential equation corresponding 
to (1), but its significance as a differential equation satisfied by 
the source is not indicated. 

• CmM^ wad MKii MatkmtttM Jimmal, vn. {imh PP* 17»-817, n- 
pintod in MaOumoM P0ftn, Yol. i., 4ft, pp. 828-888. 
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Nate m the Positive Leak frim Hot Platinum in Air at Law 
Preeeuree. By O. W. Bichabdson, Triniiy Coll«gie. 

[Bead 30 Jana&ry 1906.] 

. In the Philoeapkioal Magatim [6], Vol. vi. p. 80, the author 
showed that the eurrent from a fresh positively charged hot 
platinum wire in a ^ood vacuum fell off asymptoticaUy with the 
time the >vire was neated at a constant temperature. Recent 
experiments have shown that if fresh air be admitted into the 
apparatus from time to time and the wire reheated in this 
atmosphere the falling off reaches a limit, or at any rate the mte 
of decay of the current becomes inappreciable. With the wire in 
this state the author has recently made experiments to see if the 
magnitude of the current iti affected by the suxrounding gas, with 
the following results. 

In commencing an experiment the apparatus was pumped out 
until the McLeod gauge registered a pressure of about 0001 mm. 
and the wire heated until the positive leak did not change by 
10 "/o of its value in haif-an-buur. Air was then admitted to a 
pressure of about 2 cms. and pnmped out again to a pressure of 
'2 mms. The temperature of the hot wire, as determined by its 
resistance, was then brought to its initial value and the positive 
leak meaiiured. After letting in fresh air the leak was found to 
fall off at conntant temperature in a similar way to that from a 
new wire. This effect may be due to a number of causes and 
has not been fully investigated. After a time the rate of decay 
became small, aud when the current did not fall off more than 
10 Vo iiA half-an-hour, readings were taken at different pressures. 
The following table represeutts a series of results with 35 volts 
mean potential on the filament: — 



Pmran 


CumBt 


67 


291 


33 


20 


16 


16-8 


8 


14-5 


•5 


18-3 
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The uDit of pressure is ^ mm. and that of current is 5'6 x 10"* 

electrostatic units per second. 

The numbers m the above table reprt si nt a linear relation 
between the current and the pressure. Thu^ the leak consists 
of two parts, one of which is propoi-tional to, and the other- in- 
(iepeudt nt of, the pressure. Similar results were obtained with 
a potential uf -(-80 volts on the filament. The part of the leak 
which is independent of the pressure was found to be nearly inde- 
pendent of the potential jover a range from 40 to 200 volts. 
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Some Methods of > Incredsing the Spark- Length of the Winu- 
hurst Machine, By B. J. Pajjcsb, B.Sc. (ODmmunicated bj 
Profeasor J. J. Thomson.) 

[Mead January 30, 1905.] 

Some interesting experiments have recently been published 
by Humphreys (Physical Review, Vol. x., No. 5) showing how 
the normal spark-length of a Wiinshurst can be greatly increased 
by taking a spark from the negative terminal. Professor J, J. 
Thomson suggested I should endeavour to measure this increment 
and 80 find out its cause. My experiments in this direction were 
entirely unsatisfactory, but incidentally I noticed several other 
ways in which discharge could be forc^, and the following paper 
deals with these. 

Ifany of the phenomena about to be described must have been 
noticed before by different experimenters, but I do not know of 
any research other than Humphreys' dealing with the subject, 
so that they will be new, in part at least, to many. 

The magnitude of the lengthening depends on several things, 
the size, shape, and degree of polish of the terminals betweea 
which the discharge takes place, the speed with which the 
machine is run, the atmospheric conditions, and the size of the 
Leyden-jara on each terminal. 

Unless otherwise stated the following experiments were 
performed with a two-plate Wimshurst, with plates of glm 
40 cms. diameter, brass sectors and terminals of equal size, 2*5 cms. 
in diameter, and with jars on the machine. 

The following were the methods : — 

(1) By taking a Spark from the Negative Terminal. 

The machine was kept running continuously with unifom 
speed and the terminals gradually separated until sparks cessed 
to pass ; this took place when the gap was about 10 cms. acrosa 
On placing the 6nger near any part of the negative terminal so 
that a small spark passed to the knuckle, then a bright discharge 
took place between the balls; the distance between them was 
further increased and the discbarc^e could in this way be forced 
through a distance of 15 cms. if the gap was stilf greater, a 
bright discharge no longer passed but a brush discharge took 
place across it. At a distance of 16 cms. and upwards a brush 
appeared on that point of the positive ball nearest the negative 
terminal, and this brush either lost itself in the air between the 
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poles or paaeed to the nearest portion of the framework of the 
machine. 

When driven with nniform speed there was a limit to the 
potential difference which could he obtained between the terminals 
of the Wimshurst. Before the finger was presented to the negative 
terminal the machine was run in each case until the jars were 
char)ged to this maximum potential, and if this was not obtained 
then the small spark taken by the finger did not produce a spark 
discharge but ooly a brash dischaige. 

It does not appear to make any difference how the spark 
is taken, the finger, an uninsulated bail or knob of a small Leyden* 
jar held in the hand, all giving similar results. I was unable to 
produce any increase, however, by fiastening a wire W (Fig. 1) with 
ball F attached to the outer coating of the jar and takings the 
spark with F from B. 



o o 



G o 



1 



w 



Fxo. 1. 

The conditions necessary for success are that the jars must 
be on the machine, and their outer coatings in good metallic 
conneciiuD. 

The effect can be produced with a single jar, large or small, 
by standing it on paraffin wax or any other insulator and 
connecting a coating to each terminal. 

(2) By taking a Spark from the Positiv<' Side. 

In endeavourin*; to measure the increase noted above it 
iteuied that the effect produced with a gap of about 5 cms. or 
less was the same whether the spark was taken from the positive 
or negative side. This suggested the idea that the increment 
could be produced by the former as well as by the latter, nud 
therefore I tried to obtain the effect on the Wimshurst. For 
a long time I was unsuccessful with a s|)ark-gap of 10 cms. or 
more ; there seemed to be little effect by placing the finger near 
the positive pole and taking a spark, and it was impossible to 
produce a great increase in length like that obtained by the 
method of Ezpt 1. 
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If the potential is very nearly great enough to produce dis- 
charge, then a spark taken from the positive terminal will start 
the discharge, and under th^se conditions a spark could at tiroes 
be forced across a gap of 7 cms., but such an occurrence 
exceedingly rare, it being very difficult to take a spark with the 
finger at just the right moment. 

I was more successful with a shorter spark-gap. The terminals 
were pulUd apart a distance of 15 cms. so thai no discharge took 
place when the machine was 5?1owly driven by hand. W ht- n the 
jars were charged the machine was stopped and the knobs brought 
quickly together so that the distance between them was about 
4 cms., then on taking a spark from the positive side a bright 
discharge generally took place between the terminals. The 
distance between the knobs could be more or less than this, 
depending upon the time elapsing between charging and dis- 
char]ging; if this was too small an interval, the spark passed as 
the Knobs were brought together, if too great, no effect was 
produced on touching the positive side, but after one or two inals 
the discharge was easily obtained. 

(3) By means of another Wimshurst Machine placed near. 

Hertz {Wied, Ann, xxxi., p. 983) has shown that discharge 
between two terminals takes place at a lower potential when 
the gap is simultaneously illufuiuated with ultra-violet light, and 
it at tirst seemed that the effects of Expts. 1 and 2 miglit be 
caused by the ultra-violet light produced by the sruall spark 
taken from the negative terminal with the finger. The following 
expernnent shows that siicfi is not the case. A lari.;e amount of 
ultra-violet light was made by discharging a Kuhmkorff OOll 
between zinc terminals, and this light was focussed on varioas 
parts of the spark-gap of the Wimshurst machine; at the same 
time Expts. 1 and 2 were repeated and no alteration in the 
effects already obtained could be noticed — a small spark taken 
from the negative terminal forcing discharge as before. 

Sinoe there was a great deal more ultra-violet light prodaced 
by the diBchiiige between the zinc tenninala than that between 
toe finger and the negative pole of the Winuaharsti it seems thst 
this fonn of radiation is not the cause of the increase in spaA- 
length. 

An interesting example of the effect prodaoed by ultra-violet 
light is the synwonising in the discha^ of two Wimshoista. 
Two machines were placed with termi^ils fiudng each other 
about 40 cms. apart, and driven simultaneously; the speeds wen 
then altered so that the intervals of time between sucoessivB 
sparks were about the same for both ; it was then an easy matter 
to make the two machines disohai^e at the same instant and 
to continue doing this for a number of sparks. 
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There eeetned to be no neoeesity for the teiminalB to be of 
the Berne size, nor for the spajrk-gaps to be equal, if one was 6 ome. 
or more and the other only 2 cms. they synchronised just as 

easily. 

When a board or plate of metal was placed between so that 
the rays of one spark were shielded from the other, then the effect 

was practically stopped, but even when the spark-gaps were not 
so shielded from each other then one machine had to be charged 
to very near sparking potential before the other discharged. In 
the latter case the effect could be increased by bringing the 
machines nearer together. 

(4) By holding a Bod of Insulating Substance next the 
Positive Terminal. ^ 

Humphreys has already dealt with this method {Phys. Review, 
Vol. XI., No. 2). The machine was run continuously and the 
spark-gap gradually increased until sparks ceased to pass, then on 
bringing a glass rod near the positive pole a discharge took place. 
The gap could in this way be increased 50 per cent. No effect 
was produced by holding the rod at rest near the negative 
terminal beyond a brush discharge between the glass and the 
pole. On rare occasions if the rod wjis (quickly moved past the 
negative ball a discharge could be forced provided the machine 
was near sj);Lrking pott iiiial at the time. 

Many different substances besides glass were tried and the 
following were the if suits. 

Seahng-wax. ebonite, and many insulators all gave a result 
similar to the glass rod. 

A stick of sealing-wax tipped with tinfoil, an insulated wire, 
a i^lass tckI with end white-hot, a candle-flame and tip of a 
blowpipe flame produced discharge when passed near either 
teroiiual ; with the latter a slight shock was felt m the hand 
holding the blowpipe. 

An air-blast either across the gap or along it produced no 
effect whatever at either side. The wind was forced both from 
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7« /or To Btllom 

To Jar 
Fio. 3. 

poiitiTe to negative and in the opposite direction by having 
a tennhial as in Fig. 2. A waa a glaaa tube holding the hollow 
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termiDAl B, In the latter at C there was a small hole. B was 
connected to the neatest metal of the terminal hj means of a 
wire W, The air-blast was formed by a pair of foot bellows which 
were connected by a rubber tubing to the glass tube at K 

The jars were next removed from the machine. When the 
machine was running and the knobs about 6 cms. apart no 
continuous brush discharge took place across the gap. On 
bringing the end of a ^lass rod near the positive terminal and in 
the gap, a large positive brush was formed extending about 
three-quarters the distance across; the negative brush was also 
apparent and there was a narrow dark space between thent 
Bevond a slight crackling no dischaige took place when the 
rod was brought near the negative terminal. 

(5) Suddenly altering the Shape of the Terminal. 

All the preceding methods of increasing the gap seemed to 
depend in some way on a brush discharge being produced at 
the s;ime instant or just previously to the spark ; and since s 
brush is easily produced on a point, it would follow that if one 
were suddenly made on a round conductor the brush thereby 
caused sliould force discharge. It was possible to lengthen the 
spark by this means in the following way. A hollow ball of 
indiarubber A was fastened in a cup of Drass by means of sealing* 
wax (Fig. 3) ; a hollow brass tube C was soldered to this cup and 



o 



To Jar 



O 




Fia. a. 



To 



a hole was made through the sealing-wax and rubber by passing 
a hot wire along C If a glas*; rod B with end first pointed and 
then slightly rounded in the Bunsen Hame was pushed alont: C 
into the ball, then at the point where it touched the rubber 
a slight protuberance was mado A I rHculty was experienced in 
covering tlie ball with some conducting material which would 
yield sutiiciently when the ball was stretched. Tint il and Dutcb- 
metal were first tried but I was unable to place thetn on the ball 
80 that they altered with the shape of the rubber ; next a past^ 
of })lnmh:iLro and gum was used and although imperfect the 
phenuiiitna werv ea^y enough to obtain with it. The ball 
(dianie'ter 3"o cms.) jind tube lonned one terminal of the Wims- 
hurst, and the other pole was of brass and 2'9 cma diameier. 
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The following were the results obtained : 

(t7) With an indiarubber ball as the positive' trrminal so that 
a positive brush was formed, and with a spark-g ip of 6 cms., the 
slightest push of the glass rod produced a brush and very often 
a spark dii>charge , with one of 8 cms. a big brush discharge was 
caused quite across the gap ; at 9 cms. and upwards the brush 
divided into two parts, the positive being very large and extending 
three-quarters of the way across. The spark obtained with the 
shorter distance was very interesting, it would often pass from 
the bra^s cup round to the point on the rubber and then straight 
across the space between the terminals. 

(6) With the rubber ball as negative terminal and with a 
spark-gap of 4 cms., a slight push to the glass rod produced a 
borosh and very often a spark discharge ; at 6 cms. a small nega- 
tive brush was produced and a point of light on the positive mU, 
while at 10 ems. and above there was a small negative brush as 
before and no noticeable effect on the positive ball. 

The same experiments were next tried without the jars on the 
machine and the results were much the same as before, except of 
oootae that there was a diminution in the brightness of the spark. 

Modifications in the Phenomena of ExpU. 1 and 2 by Varying 

the Size of the Terminals, 

If the balls were of unequal sizes, the effects of methods 1 and 2 
were remarkably modified. The small ball in each case had a 
diameter of 2 cms. and the larger 4 cms. 

The small ball was first mi^e positive, as is often the case with 
msny machines. All the effects of Expt. 1 were increased but 
noit >f those of Expt. 2 could be obtained. 

The most interesting changes were produced when the smaller 
ball was the negatiTe terminal, when the effects vahed with the 
length of the gap; at a distance 5*2 cms. or less none of the effecta 
of £xpt. 1 could be obtained, but if the spark was taken from the 
positive side then at times a spark discharge took place ; when this 
did not happen the negative brush appeared on the portion of the 
oegative terminal nearest the pcsitiTe at the instant of taking the 
spark. On gradually increasing the distance the negative brush 
became fainter and fainter but could generally be seen in a 
darkened room up to a length of 10 cms. At this point a spark 
taken from the negative terminal produced discharge. No doubt 
at this length the relative sizes of the two balls have not so great 
an effect in determinmg the distribution of potential in vanniis 
parts of the tield, so that the lines of force would be similar in 
position to tbose existmg under the conditions of Expt. 1, but 
the increase was not so great, owing perhaps to the difficulty of 
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preventing the negative lurmiiial discharging iu the form of A 
brush when it is smaller than the other ball. 

An end of a rod wa^ substituted for the positive terminal and 
a sphere for the negative as before. As soon as the machine was 
started the positive brush appeared at the end of the rod and 
a spark from the negative made the brush increase in siae. No 
effect was observed on taking a spark from the positive side 
except the momentary annihilation of the positive bmsh as the 
potential on that side was lowered. If the terminals were inter- 
changed so that the positive pole was a sphere and the n^alive 
the end of a rod, then a spark fix>m the positive produced a slight 
increase in the negative onish, and often made one or two other 
small ones shoot out from other points as well Beyond the 
sudden extinguishing of the negative orush no effect was prodooed 
by taking a spark from the negative side. 

With two large balls as terminals the effect was the same 
as with the two smaller, but with the latter the effects of Expta. I 
and 2 were ejxsier to obtain with a shorter spark-gap. owing un- 
doubtedly to the greater want of uniformity in the field. 

There were no indications of any of the above effecta if the jan 
were removed from the machine. 

The Sound produced % the Discharge, 

It is fairly easy to tell when a disruptive discharge is assisted 
by the brush produced and when it is not, because the aoond 
of discharge is quite different in each case. In the former ease 
the spark may be long but it is not nearly so loud and sharp as it 

is when no brush is present. In each of the previous cases when 
the discharge is forced the sound clearly indicates that a brush is 
present in the gap at the same time. 

When the terminals of the Wimshurst are large balls and the 

spark-gap great the spark under ordinary conditions is much more 
aorupt and decisive th?in when the terminals are small, and this 
difference is probably due to the fact that there is no simuitaneoot 
brush discharge when the poles are large. 

All the preceding effects point to the conclusion that a brush 
discharge is ftrst formed in each case, and this weakens the 
resistance to disruptive discharge. Professor J. J. Thomson 
suggested I should try to obtain the effect in gases iu which 
the brush is more or leas difficult to obtain than in air. The 
terminals were tii-st surrounded with a glass tube 5 cms. in 
diametfT and held iu position by rubber stoppers, but the 
proxunity of the tube to the metal of the terminals cau:>ed a 
brush difecliarge between them, so I used a large spherical bulb. 
At high potentials a brush always formed on the rubber stoppers 



Digitized by Google 



the Spark-Length of the Wiuishurst Machine. G7 

■0 that finally the electrodes were held in poBition with sealing- 
wax. The gases were in each oaae dried by passing them over 
piuiiioe moiflteDed with sulphuric aoid. Faraday (" Experimental 
Reeearches in Eleetridtyr Series 12, 1425—1454) gives the 
phenomena of the brush discharge in various gases and some 
of these were tried with the following results: 

(1) Goal-gas. In this gas the brush is difficult to obtain. 
With terminal 7 cma apart, a point of li^ht on the positive ball 
was seen on taking & sp^k from the negative pole ana sometimes 
a very fidnt brush. Tnere was no spaft discharge produced, but 
when the gas was flushed out and the air admitted the spark 
discharge could be easily obtained by Expt 1. 

Wm a gap of 4 cms. I was rarely able to make a discharge 
between the terminals and that passing to the finger synchronise, 
but on the admission of air it was easy enough. 

(2) Carbon-dioxide, The brush is also difficult to obtain in 
this gas. It was easier to make the sparks synchronise at 4 cms. 
or thereabouts than with coaUgas but it does not require so great 
a potential difTerence between the terminals to produce spark 
discharge and this might partly compensate for the poorness of 
the brush. 

(3) Nitrogen. The poles were 4*5 cms. apart ; on driving 
tlie machine so slowly that no sparlc passed under ordinary 

conditions, then a spark taken from the negative .side produced 
a very bright spark discharge*: the same effect could also at times 
he obtained by taking a spark from the other terminal. A brush 
is formed in this gas very easily. 

Conclusion. 

It seems that ;i s|)ark taken from a terminal a'^ in l^xpts. 1 and 
2 produces a surge or wave which is carried over to the other 
terminal by mean*? of ihr jars, a sudden change in the potential 
of the negative ])oIe producing a correspoTu^ini^'' change in the 
)^>ositive, because it the jars are absent or even m^uiated from each 
other none of these phenomena is produced ; changing the size 
'tf the terminal moreover shows that the effect is always greatest 
•^hen the spark is taken from the larger ball and the disturbance 
carried over to the lesser; around the smaller the electromotive 
intensity is greatest and this b greatly increased by the sudden 
change pr<Kluced by the wave. For a ball of a given size there is 
a given electrumotive intensity at which a brush is formed, and 
iherefore a brush discharge is easiest formed on the smaller 
terminal ; this by producing dissociated ions puts the gas in 
a condition in which il lii electrically weaker, and if the distance 
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is not too great a spark passes, otherwise the brash only is 
formed* 

The experiments made in various gases point to the same 
ooncliision. The phenomena of Expt. 1 were the most difficult 
to be obtained in gases such as coal-gas and carbon-dioxide, which 
only produce a brush with difficulty, while with such a gas ss 
nitrogen, where a brush was easily obtained* the effects of the 
same experiment were easily produced. 

Faraday noticed that the spark-leneth of a roaohiiie was 
always increased by having the smaller ball positive, and many 
makers of machines arrange the terminals in this way. The 
lengthening may be due to a positive brush being formed on that 
terminal just previous to the dischai^e by spark, and the smaller 
the ball the lower the potential at which the brush is produced. 
If the smaller ball is negative a brush is formed there at a lower 
poteBtial, and this simply discharges the machine, aiding but 
little in the passage of the spark. 

The results of Experiment 5 can also be explained bv the 
bnishes prnduced. Whenever the gla-ss n d is brought near 
citlier terrniiird a slight crackling is heard due to the brush 
discharge bet ween the metal ball and the glass ; this, as before, 
makes the passage of the spark easier, especially when the positive 
brush is produced. 

With metals, whether insulated or not, flames, ( tc, the positive 
brusli })n)(]uce8 discharge when they arc held ticar the p<i8itive 
terminal , when near the negative a small spark passes and we 
really have a repetition of Experiment 1. 

It is impossible to say why the effects are UQt so great when 
the brush is fanned on the negative ball until we explain the 
diflTerence between the pubiiive and negative brushes; their ap- 
pearance has long been noted to be ditferent and the abo?e 
experiments show that the presence of the positive in a gap 
niake^ a gas much weaker electrically than if the negative were 
prenent. In this action we have yet another difference between 
the two electricities. 

All the above experiments were under taken at the CavendiBh 
Laboratory with the exception of (5) and those with different gaaea 
which were done at the Technical Schools, Southend. 

I take this opportunity of expressing my gratitude to Profes?»«^r 
J. J. Thomson for his kmduess, and for the assistance he has given 
me daring the progress of these expeninents. 
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Rmiudion of Generating Functions by means of CovipUx In." 
Ugration. By Q, B. Mathkws, M.A., F.R.S., St John a College, 
Gimbridge. 

[Rmd 13 February 1905.] 

la solving various DiopbantiDe problems we have to perfonn 
an operation il, which may be defined as followa A rational 
fimctiOD of a and other variables is formally expanded in positive 
aod negative powers of a ; the negative powers of a are then 
discarded, and a is replaced by unity in the remaining terms. 
If ^ is the function in question, the final result is indicated by 
n.^, or aimply by Q^, when there is no risk of ambiguity. 

Thus, to take a very simple case, let 

♦ « 1 

(l-a.)(l-j) 

»(l+CkP + oV + ...) + | + ) 
then it is dear' that 

with the <Mindition that By pnttingp^^+ri we obtain 

^ 1 

but in more compHcated cases it is not so easy to find the reduced 
value of Cl(f>. The object of this note is to show how the principles 
of complex integration may be applied to the problem. 

Su]^pose thatf |a| being greater than 1, we have a conveigent 
expansion 
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then sinoe 

o — 1 

the coeflficient of a~* in the expansion of ^ (a) |(a — 1) is 

Ci + Ci + Ci+..., 

that 18, n^. Hence 

the integral being taken over a closed simple contour at every 
point of which the above expansion of ^(a) J (a — 1) is legitimate. 
But the integral is also equal to 

when is the sum of the residues of 4>{a) | (a — 1) within the 
contour. Calculating this sum by the method of partial fractions, 
the value ol il4> m determined. 
For example, if 

♦(«)- ^ 



(i-«)(i-J) 



we must Buppoae |aa;|<l, |yj <|a|, as well as |a|>l. We can 
take as the path of integration the circle which has its radius 
equal to | a I and centre at the origin ; the poles within it aie 
1 and y, so tnat 



V(a-i)(i-«*)(i-g; ^^-*> 

1 

"(l-«)(l-«y) 

on reduction. 

The same result may be obtained in this case by taking the 
residue with respect to the one external pole, for which a = j~S 
and changing sign ; the value of ^l(f) then comes out immediately. 

As another example, let it be required to find 

w 

a 



(l-a.)(l-«y)(l-3(l-J)* 
Here 

^ aw 



(a - 1) (a - 1) (I - a«) ( I -ay) (a - «) (a- w) ' 
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and integrating o^er the circle r » | a | as before^ the external poles 
•re IT"*, y-', so that 



X 



•a-')('-9e-')G-) 4-)(>-i)e-')e-) 

" (1 - «) («- y) (1 - w) " (1 - y) (a? - y) (1 - y#) (1 - yw) 

w{x-\-y - xy — xyz — xyw + a^y'zw) 

"(1 -«)(1 - y) ( 1 -«r)(l (1 - y^) (1 - yw) 

after an ea^y reduction. 

To test the practicability of the process I applied it to the 
fonction 

(l-«*)(l-a=x)(l -a'«)(l - J) (l (l - J) 



from the fi of which, on patting y^x, we obtain the reduced 
ge ne tatiD g fonction which enumerates the oonoomitante of a 
hmary quintic The fevnlt was to oon6nn the oalcnlation of 
Oajlej ; the actual labour involred waa^ of coarse, considerable, 
chiefly on acoonnt of the occurrence of poles with irrational 
iflizesL 

There is n^ dieoretical difficulty in extending the Drocess 
above explained to cases where the operation H is appliea to an 
expansion containing positiTe and negative powers of two or more 
quantities a, h, etc Thus let 

/ i 

(l-«r)(l-3(l-aii^(l-5) 

tlMB 

(1 -«•)(!- J)(l-a«'>(l-*') 

where (4) « 1 — «*, and 

f I 

(l-*r)(l-2(l-*^) 

Now 



(a-1) (o-l)(a-ff)(l*a»)(l-ac^) 

▼01.^ ZUL rt, IL 
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and, calculatiog the residues for the poles 1 and x, we obtain 



and henoe 



\a-i; (1/(2) (1)(2)(8) (1)(2)(3)' 



(4)—^ (1)(2)>(3) 



(1 -«?)(! -«*)«(l-«*)* 

There is one very curious point about this theory whieh 
deaerves to be noticed. In the actual applicatioos the letters 
vaed are mere umbrae, and the question of their numerical ?alaei 
does not come in ; but when, as here, the calculus of residues is 
employed, it is necessary to assume relations of numerical in- 
equality for the purpose of deciding which poles are to be OOD* 
sidered as being inside, and which outside, the contour of 
inte|[ratioD. 

ft cannot, I fear, be claimed for this method of residues that 
it supersedes others, such as those employed by MacMahon in lus 
papers on partitions : but it is, at any rate, a useful auxiliary, and 
the fact that it is theoretically complete entitles it to soDne 
consideration. 



Digitized by Google 



Mr /VfUon, Soluble Jortm of metallic dihydroicytarirates. 73 



Soluble forms of metallic dihvdrosytartrates. By H. J. H. 
Fenton, M.A.. F.KS., Christ's College. 

l&ead 27 February 1905.] 

Sodium dihydroxytartrate was firnt obtained by Grliber in 
1879 and was afterwards further examinrd by Kekul^ and^by 
Barth. The barium salt was also prepared by Bar th and in 1889 
Miller succeeded in isolating the free acid. The author in 1898 
discovered a new and simple method for preparing the free acid 
in a pure state and mado a further study of its relationships: the 
iiLhium, p«jtas8iurn, rubidium, caesium, and ammonium salts were 
aUo prepared and analysed. 

From the fact that the sodium salt decomposes on heating into 
sodium tartronate and carbon dioxide, ('>ruber concluded that 
the acid should be regarded as tribaaic carbox ytartronic acid 
C(0H)(C00H)3 and this view of its constitution appeared to be 
borne out by Earth's analysis of the barium salt, in this case 
the sodium salt would have to be considered as an add salt. 
Kekul^'s experiments however shewed conclusively that the acid 
at really dihade and this result was further established by the 
anthot^a ezperiments on the titration of the free add and analyses 
of the salts above mentioned. The basicity of the acid and com- 
position of its salts are therefore quite in harmony with KeknU's 
rormnla which represents the acid as 

COOH. C (OE)fc. C(OH)». COUH 

or tetrahydroxy-ettccmic add. 

Although tnis formula is now very generally accepted it cannot 
be oonddeied as entirely established ; the comparative stability of 
the free acid on heating and the decomposition into tartronic add 
and carbon dioxide when its aqaeous solution is boiled are pro- 
perties which at first dght appear to be hardly consistent with 
aneh a constttntion. 

Compare Orllber, Asr. 1879 (12) 514 ; Barth, SUg. Aead. Wien, 
81, ii 10^4 

Fenton, Trtuu. Ckmik Soe. 1898 (73) 71, 167 and 472. 
Debtis, Tram^ ChmiL &nx 1904. (85) 1388. 

Investigations are now being undertaken with the object of 

6—3 
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throwing further lifl^ht upon this question and in the present 
communication a short preliminary account is given of some 
experiments which have been made with regard to the cond i tio M 

under which the salts can be formed. 

All the metal lie dihydroxytartmtes which have so far been 
examined contain water of crystallization which is not expelled 
when the salt is kept in a vacuum desiccator, and any attempt at 
removal of the water by heat is attended with decomposition of 
the salt. It appeared therefore to be a matter of interest to 
ascertain the nature of the salts produced from solvents other 
than water. 

When solutions of the free acid and sodium ethylate in 
absolute alcohol are mixed together a semi-transparent gelatinous 
precipitate is obtained which, when collected and washed with 
alcohol, is very easily soluble m coid water. This result is re- 
markable when it is remembered that the sodium salt prepared 
from Jiqueous solutions is a heav)^ white crystalline powder almost 
insoluble in water; its solubility is in fact so sligfht that it serves 
for the qualitative and quantitative estimation of sodium (Fenton, 
loc. cit 167). 

The aqueous solution of this soluble sodium tsalt after standing 
for a few minutes begins to deposit the ordinary sparingly soluble 
form of sodium di hydroxy Uirtrate. By titration of the free acid 
with sodium ethylate in absolute alcoholic solution it is found 
that the ratio of acid to metal is the same in the soluble salt as 
in the ordinary form, but it has not yet been found possible to 
determine the composition of the soluble salt in the isolated 
condition. When kept in a vacuum desiccator over sulphuric acid 
it dries up to a white amorphous powder but at the same time 
■nffers a certain amount ef decomposition; it is still extremehr 
easily soloUe in water hut the aqueous solution efienreeoes with 
dilute adds and gives a smaller yield of the iusoluhle lalt on 
standing. 

It was at first thought prohahle that the soluhle form mighi 
he a salt of the diketo-acid COOH. CO. CO. CXX)H, but analysn 
shews that the dried product still contains hydrogen, the rssultB 
being 

0 2518» H247, Na 24*2 per eent 

The normal sodium salt of the diketo-acid would require 

C 25-26, Na 24 21 per cent. 

It is probable therefore that the dried product is a mixture of 
this salt with some tartronate and carbonate. 

When dihydroxytartaric acid, or one of its soluble salti^ is 
mixed with calcium chloride in aq[ueou8 solution the mixture 
almost immediately sets to a transparent oolourless jelly, to that 
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tfie irwel may be inverted witiumt loss; in this behavioar 



which ii also genevally tepieBented as eotitaining two hjdro^l 
ffioape asMMaated to the same earbon atom (compare Deboa, loo. 
oiL 1991X 

Bot if the dihydioiTtartario acid and oaldam chloride axe 
both <]imolved in anhydioaa methyl or ethyl alcohol the eolntlona 
ranain perfectly dear on mudng and no separation occuxa OTen 
alter atandiDg for a day or twa A drop of water however will 
immediately canse the mrmation of a gelatinous precipitate ; this 
precipitate is mostly dissolved if more water is added bat the 
solution aoon afterwards gelatiniaee. The action of small quantities 
of weter in bringing al^ut the aeparatioa of the caldnm salt is 
ao aenaitive that it is quite easy by this reaction to detect the 
pge aco ce of one or two per cent of water in alcohol. ' Combined ' 
water, «a in chloral hydrate or hydrated caldum chloride, doea not 
pnduoe m similar effect 
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Studies on Unsaturated Ketonic Compounds. By S. RufiEMANN, 
ItLA., QoQville and Caius College. 

[JUad 27 Februaiy 1905.] 

In a paper which I lately published in the Journal of the 
Chemical Society (1905» Lxxxvii. 17) it has been shown that, 
under the influence of bases, oleiinie ketonic compounds react 
with mercaptans to form additive substances only. On using as 
catalytic agent hydrogen chloride alone or together with line 
chlonde, Posner (&r. xzxiv. 1895 ; xxxy. 7dd) has foand diat 
frequently mixtures are produced owing to the fact that mer- 
captans, besides reacting additively at the ethylene linking, partly 
condense with the ketonic group of the olefinic ketone& In the 
paper referred to, I have descnbed varioos additive products of 
olefinic ketonic compounds containing the grouping 

<!jH : CH— CO— . 
I 

I have since applied this reaction to other substances of the same 
type of ketones and have obtained from benzylideneacetophenoDOi 
benzylidenedesoxybensoui, bensylidenebeoxoylacetic ester the fol- 
lowing compounds. 

Bemylidmmcetopkenone ;^elds with ito-amylmercaptan, under 
the influence of piperidine, iso-amylthblbensylacetopnenone, 

CfH^ . CH (S . C«Hii) . CHg . CO . C«H«, 

which melts at 49 — 50*" ; with phenylmercaptan the ketone fbnns 

C,H..CH(S.C.H,).CH,.CO.C.H« (m.p. 120—121**). 

The latter substance is identical with the substance which Poener 
has prepared by the aid of hydrogen chloride as catalytic agent ; 
but horn t50-amylmercaptan and the olefinic ketone he has obtained 
an oil which ^om the analytical result he oondudes to be a 
mixture. 

BmsyUdmeduoaybrntij^n unites with phenylmeroaptan to 
yield phenylthiolbensyldesoxybemsome, 

C,H,.CH(S.0|H,),CH(C.H.)..CO.C.H, (hp. 204—205'). 
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iSttyl hmzylid$nebmuaifku!ekd$ fonns with pheDjlmmaptan 
the admtive oompoiuid 

QiH, . CH (S . C.H.) . CH (CO . C.H^ . CO, . CH, (m.p. 100— lor). 

In my previoas eommiinioatioii (fee. odL) I have pointed out 
thit di-olennic ketoiwB of the type: 

i : (L-CO— i : <!j 

I I 

combine with 1 or 2 mols. of mercaptans, whilst, by the aid of 
hvdrogen chloride as catalytic agent, Posner has been able to 
obtain only additive products with 2 mols. of mercaptans. I have, 
further, shown that cinnamyUdeneacetophenone,a di-olefinic ketone 
of the type : 

I 

nnitee with 1 mol. only of either t#o-amyImercaptan or phenyl- 
meicaptan. This reenlt differs from Posner'e statement (Ber, 
zzxyn. 502) aooording to which the substance resulting from 
the reaction between the ketone and phenylmercaptan is an 
additiye compound with 2 mols. of the mercaptsiL not Poaner 
has since by letter corrected his error. 

Omiiamyfi&iMaeseoiM^ C,H. . CH : CH-*CH : CH . CO . CHi, 
slso unites with 1 mol. of phenylmercaptan only to form a com- 
pound which melto at 5S---54^ But Posner^s pupil, A. Werner 
(lee Posner, loc eit), has found that the product of the action of 
hydrogen chloride on a mixture of the ketone and the mercapten, 
is an oil which, by potassium permanganate, is transformed into 
a di-sulphone. From this result it would follow that the is an 
additive product of the di-olefinic ketone with 2 mols. of the 
aercaptan; yet my experiments, recorded in this paper, and the 
Juts at which Kuyevenagel {Ber, xxxvii. 4038) arrived in the 
course of his study on the reaction of potassium hydrogen sulphite 
with di-olefinic ketones of the above type, induce me to iaaht 
the eomctness of Wemer^s result 

The behaviour of mercaptans towards the tri-olefinic ketone 
(XMlamyjuislM6sl^ylMfeflsao0iofM^ 

CHp.CH : CH.CH : CH.OO.CH : OH.C,H., 

IS similar to the action of mercaptans on cinnainylideneacetone or 
cinDamylideneacetophenone. With 1 mol. of either phenylmer- 
captan or I'io-amylmercaptan it yields additive compounds which 
melt at 69 — 70" and 133 — 134" respectively. The ketone, also, 
idds 2 mols. of mercaptaas, but I nave been unable to isolate 
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these Bubfltftnoee from the former oompoands which are pcodooed 
at the flame tima 

Mercaptans combine with aoetylenic ketones as readily u 
with olefinic ketones. As yet I have examined in this diieetida 
particolarly methozybenaoylphenylaoetylene, 

CeH,. C : 0. CO . CH^, O.CH,, 

which unites with 1 moi. of phenylmercaptaD to yield 

G,H,.C(S.O,H.) : CH.CO.CiH..O.CH« (ujf. 121— ISS"). 

This compound diflfers from the additive products of mercaptans 
with olefinic ketones inasmuch as it is yellow whilst the latter 
substances are colourless. 

^ At present I am eut^ged in the study of the thiol-Gompoonds; 
it is especially their behaviour towards heat which appears to be 
worthy of an inquiry for the foUowing reason. The saturated 
/9-hvaroxyacids, on heating, split off water and yield unsaturated 
acids ; the additive products of the olefinic ketones : 

I 

— C:CH.CO— 

with primary organic bases suffer a similar decompositton (see 
Euhemann and Watsoo, Tran8» ClmL Soc 1904, LXUT. 1170) 
which takes place either in the direction 

L R.CH(AH.R').Cii,.CO— 

R.CH:CH.CO— + NH,.B', 

or 

IL E.CH(NH.R').CH,.CO— 

R.CH:N.R'-fCHg--CO— 

(R and B,' denoting hydrocarbon radicles). 

On the other hand, the additive compounds of acetylenic 
ketones with organic bases seem to diitil without decomposition. 
Ab yet I have examined in this direction the compound 

C.H,. C (NH . CH^ : CH . CO . CA. 

which fi. K Watson {Tmn$, Ckmn. 8oe. 1904, lxxxy. 1824) has 
obtained from meihoxybenzoylacetvlene and aniline, and have 
ascertained that, in a vacuum, it boils unchanged. If the additive 
products of the unsaturated ketones with mercaptans behave id 
a similar manner, then it ma^ be expected that the sabetaoces 
which are formed from olefimc ketones will suffer an analogous 
decomposition, whilst the compounds which result from the umoo 
of mercaptans with acetylenic ketones will boil without deoom* 
position. 
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Some Compounds of Guanidine with Sugars. By R. S. MoRRELL, 
M.A., QoDville and Gaius College, and A. K Bellars, 
Magdalene College. 

{Read 27 Februarj 1905.] 

The action of alkalies and especially of ammonia on sugan> has 
been the subject of a number of papers by Lobry de Briiyn and 
hiij colleagues van Leent and van EKenstein^ They have described 
cr}'stalline con)pouads of ammonia with glucose, galactose, rham- 
nose, arabinose, and xylose, of the nature of osainines, but they 
consider that maltose and lactose form additive prut 1 nets with 
ammonia. Several of these osamines crystallise with molecules 
of alcohol of crystalliijation. The compound of ammonia with 
fructose, fructosamine, CeH^O^N, is of interest in its connection 
with chitosamine, CHOCHNH, (CHOH), CH,OH, from which it 
maj be prepared. Fructosamine is by far the most stable of the 
onminee which i^erally evolye ammonia at their melting points, 
iod even there is a loes of ammoiiia when aqueous solutions of 
nssmmes are heated to boiling. The study of the i&fluence of 
dilute alkalies oo the optical activity of sohitions of glucose led 
Lobry de Brttyn and van Ekeustein to the conclusiou that glucose, 
fructose, and mannose are zeciprocally transfoimable into one 
another in aqueous solution. 

Several years ajg[o it was noticed by one of us that an alcoholic 
lolution of ffuanidine gave white minutely ciystalline precipitates 
with aIcoh<Mic solutions of glucose and rhamnose. The com* 
poondb obtained were ezcee<ungly hygroscopic and could not be 
recrystallised from any solvent; moreover they were never fr^ 
from inorganic materiat» since the guanidine was prepared from its 
hydrochloride by the action of sodium ethylate. If guanidine 
were prepared irom the carbonate by decomposing the salt with 
ksB than the calculated quantity of barytai and the concentrated 

2ueous solution were freed from excess of guanidine carbonate by 
dition of absolute alcohol, it was found that compounds of the 
base with sugars was obtained free from ash. From ethyl ic alcohol 
solutions glucose, fructose, galactose, rhamnose, and maltose were 
precipitated combined with guanidine as microscopically crystalline 

> Ree, 4m Tneo. CkLm, dtt Pay £a«, 12, 286 ; 18, 218 ; 14, 98, and 1S4 } 16. 1S8 ; 
IS. SI. 
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Bubstances which are vety hyeroeoopia The glucose, frnctote, 
maltose compounds are composed of three molecules of the sugar and 
two of guanidine, but those obtained from galactose and Thamncse 
seem to contain an equal number of molecules of sugar and base. 
In several cases there is combined alcohol, which is not remoted 
in a vacuum; Lobry de Briiyn found that the rhamnosamine 
ciystallised out with a molecule of methyl alcohoL The com- 
pounds react strongly alkaline in aqueous solutions, and theii 
optical activity is generally much lower than that of the parent 
su^r ; moreover it diminishes slowly with time until a constsnt 
value is obtained. The rotation angle of the glucose compound 
in water becomes in time negative, and that of fructose slowly 
falls to a constant value, which is of the same si^ as that of the 
parent sugar. The change of sign in the rotation angle of the 
glucose compound may point to a slow transformation of glucose 
mto fructose as observed by Lobry de Brtiyn. We have not yet 
examined the aqueous solution of the glucose compound for 
mannose and fructose Dilute acids decompose the compounds at 
the ordinary temperature, bnt the concentration of the acid must 
be conside red, as will be seen from the following exj)eriments : 
1*72 gxs. galactose compounds on treatment with 10 cc. NJBCl 

lequiied 60*71 cc ^ cc. NaOH for neutralisation. Pezeentage of 

guanidine = 16 86. 

1*2501 grs. dissolved in 100 c.c. water and treated with 12*5 cc. 
N.HCl required 101-6 c.c. N/10 NaOH. 7^ guanidine = 11*04. 
2*089 grs. rhamnose compound on treatment with 12*5 CA 

N 

N.HCl required 73*66 c.c. ^qq NaOH. Percentage of goanidiiie 
m U-57. 

0*9498 grs. rhamnose compound, dissolved in 25c.c. water, on 
treatment with 12*5 c.c. N HCl raquired 110*5 ca N/10 NaOE 
Percentage of guanidine = 8*82. 

The compounds of glucose and maltose with guanidine are 
decomposed completely by the dilutest hydrochloric acid. 

Picric acid precipitates guanidine picrate from aqueous solu- 
tions of compounds of guamdme with glucose, fructose, galactose, 
and rhamnose, but the yield of picrate depends on the concentration 
of the solution in the case of the fructose and rhamnose com- 
pounds. The influence of concentration of acid and time on the 
aeconiposition of aqueous solutions of these sugar -compounds ifl 
still under investigation. Their optical activity is generally much 
lower than that of the parent hugar, and diminishes slowly until 
a constant value is obtained. The specific rotation of the glucose 
compound is [a^^] = 29 0°, which sinks in 6 days to [cf^]« — 6*2"; 
for the galactose compound [a/)] « 52 9 , which becomes in 6 dajfi 
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[aj}] = 0'98° ; the fructose compound has an initial specific rota- 
tion of [aj)] = - 58;3^ falling to [a^] - - 1 8*7° in 8 days. Maltose 
and rhamnose m their compovDds with ffuaoidine show a similar 
muta-iotatioiL An ai^aeoiiB solution of the glucose guauidine 
oomponnd has its optioal activity changed to that of glucose 
on addition of hydrocidoric add. The extreme aoluhility in water, 
and iusduhiUty in neutanl oiganic solveDta render the reciyslal* 
Ikation of these substances a matter of great difficulty, but as 
they were precipitated in a minutely ciystalline fi>rm from ethylic 
alcohol analyses were made of the precipitate, which had been 
washed with absolute alcohol and ether. Only in the case of 
rhamnoee have we been able to obtain a derivative which can be 
leczystallised with difficulty from ethyl alcohol Their melting 
points are low, between 94— -98'* with effervescence. On drying at 
40** the substances soften and become yellow in colour. The yields 
of these guauidine compounds are excellent ; from 18 grams of 
glucose dissolved in 1600 ac. of absolute alcohol nearly & grams 
of the additive product were prscipitated ; the yield is quantita- 
tive ; moreover the alcoholic filtrate was inactive and changed the 
colour of a Fehling's solution only slightly on boiling. Heating 
to 100** modified the properties of these substances in a strikinj^ 
manner; they melt and alcohol is evolved, but no ammonia; their 
reducing power towards Fehling's solution is diminished, and they 
give no alkaline reaction in aqueous solution. Their behaviour 
towards phenylhydrazine acetate is unchanged, except in the case 
of the galactoae derivative, which dves no longer an osaaone, 
and does not react with picric acid to give guanidine picrate. 
In all the cases examined the percentages of carbon and mtrogen 
increase on melting the substances. We have not been able to 
obtain the fused products in a cn^stalline form, and have analysed 
them directly. The oialtose com pound losrs four molecules of 
water besides alcohol, those of rhamnose and galactose one molecule 
of water. 

We are unable at present to assign with certainty constitu- 
tional formulae to these substances, but the investigation is being 
continued, and we hope that a careful examination of the products 
obtained by heating the substances to 100* C. will throw light on 
their constitution. In this prt-liminary notice we dtsirc to express 
our thanks to the GovernmeDt Grant Committee of the Royal 
Society for a grant covering the cost of the material of this 
research. 
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The influence of very strong electro -mag^netic fields on the 
spark spectra of gold, antimony, bismuth, lead, and tin, Bj 
J. E. r UK VIS, il.A., St John's College, Cambridge. 

[Bmd 27 Febnutfy 190S.] 

The aim of this preliminary paper is to describe the effects on 
the appearance of the spectra of the above-mentioned elements, 
when their spark discharge takes place in very strong electro- 
magnetic fields. 

DemsriplMn of the apparahu. 

The spectrovScope used in the experiments is Professor Liveings 
large 21 -foot concave grating. The spectrum of the second order 
was used for wave-lengths from about Xd600 and extending into 
the ultra- violet ; and that of the first order for lines whose wave- 
lengths are b( low X3600. The width of the slit was vaned from 
time to time, when it was required to (;xamine the effect on the 
stronger or weaker lines. In the c^se of very strong wide lines, 
the slit must be considerably narrower than for finer lines, if the 
* Zeemann* effect is to be seen. 

Self-induction coils were introduced occasionally : and al- 
though, as has been before noticed, the lines appear to become 
sharper, there is the drawback that they appear to be weakened 
as well, and also the weaker lines become so much weakened as 
to have no etiect on the photographic plate. 

The electro-magnet is of the du Bois form. The poles are 
conical, and the noses of the pole pieces are 7 mm. diameter. 
In these experiments the distance between the poles was 4 mm. 
In this space, with a current of 26 amperes, a field strength of 
about 41,<X)0 ao.& units can be obtained. A eorrent of 21 amperes 
was employed in these experiments and this gives a field of 
40^000 units. The ooils wound round the magnet become warn 
after 40 minutes running, and when larger exposures were neosaiaij 
to photograph the weu:er lines, it was neoessaiy to cool down» 
and repeat the experiment after the magnet had cooled. This 
did not seem to interfere with the exactness of the definition 
of the lines, unless there was an excesstyelv windy day. 

The cumnt Bupplyins^ the magnet was obtained dixectlj firom 
a dynama It was easi^ controUed when allowing for tne in- 
creased resistance as the coils became warmer, and there was 
no difficulty in keeping the cunent constant as shown hy the 
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ammeter. The magnet was arranged broadside on, that is, the 
lines of force between the poles were in a direction perpendicular 
to the line joining the slit and the grating. 

The ends of the electrodes were held firmly in the middle of 
the gap between the poles by means of a specially constructed 
metsbinicel wrsngement. Tbe stand of this holder is firmly 
damped to the stage of the magnet, and it has three movements. 
The holder can be moved upwards or downwards ; also in a direo- 
tton perpendicular to this; and thirdly there is a slow adjustment 
to keep the ends of the electrodes at a constant distance from 
eseh other. This slow adjustment is very necessary, because, as 
the ends of the electrodes wear away during the sparking, and 
the distance between them becomes greater, the spark begins u> 
discharge to Uie pdes of the magnet The distance between the 
ends of the electrodes was usuallv from I to 2 mm. 

The electrodes of the metals gold, tin, and lead were thin 
ttrips of about 2 mm. wide and 1 mm. thick* Those of antimony 
sou bismuth were made by melting the metals, and sucking the 
molten metal into narrow glass tubes of about 2 mm. internal 
diameter. The {^laas and its solidified contents were then thrown 
into water, and it was easy to pick off the shattered glass from 
the surface of the pencil of metal. The pieces* were then carefully 
filed flatter. 

The spark was focussed on the slit by a quartz lens of a focal 
length of about 5 inches and of I inch diameter. It was firmly 
^tm in a holder, and it could be moved upwards or downwards 
by a 6ne screw through a distance of 2 or 3 mm. By this means 
two photographs could be taken on the same plate, one parallel 
to the other — one of the normal spark and the other when the 
spark was discharging in the magnetic field. 

In order to analyse the nature of tht^ vibration.s }n the magnetic 
field, a calcite crystal wan introduced between tb< <jimrtz lens and 
:hp slit of the spectroscope. The ciy^«ta! was specially polished 
at the rhombic ends, and it was selected of a sutHcient size to 
disperse the two images of the ordinary and extraordinary rays 
at a convenient distance from earh other. The two images were 
about 2'5 ram. from and above each other when they fell on the 
felit; and the optic axis of the crystal whs perpendicular to the 
lines of force between the poles of the magne* By this arrange- 
ment the "ordinary" and the "extraordinary" vibrations of the 
same line could be photographed on the sanic plate. 

As a rule, any division of the lines into triplets is well marked 
when the lines are observed in the second order. As regards the 
lines oV)served in the first order the division is not so well marked, 
unless they are sharp and narrow. When any line is normally 
itrong Ana broad, a widening may be noticed, and it is then 
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neoeflsar^ to analyBe it by the calotte to determine if it is menlf 
a widening or if it is a real division. Further, there is obviooilj 
a great loss of light when the normal image is divided by tM 
calcite ; and, although some lines are distinctly widened when in 
the field, they are so much weakened the caldte dispmoD 
that the images do not appear on the plate even after 1^ homi' 
exposure. Consequently only the well-marked and the strongefit 
lines were observed. 

To obtain the dischaige, an App's coil was used with a lam 
Jbeyden jar, which could give a spark of 6 inches long. In me 
case of antimony, bismuth, lead, and tin, it wss found neossMiy 
not to have such a violent discharge, because the temperature 
was often raised so high as to melt the ends of the electrodes. 

Maxim's special rapid photographic plates were used and de- 
veloped with a mixture of metol-hydroquinone. The time of 
exposure varied from SO to 90 minutes as required by the uatiirs 
and intensity of the various lines. 



Results. 

The following notes describe the effect on the various lines 
whose wave-lengths are mentioned on the left-hsnd side. 

Gold. 

Wave-length 

k 4792*8. A triplet ; the two outside members of which seem is 
▼imate perpendicular to the lines of force betwee n ths 
poles of the magnet, and the inner one parsUcd therefea 

4607*8. There seems to be a widening of this line ; but the mr linei 
in the region interfere wiUi a more exsct analysis. 

4488*4. This line is distinctly wideneil ; and, on analysng it with 
the calcite crystal, it seems to be a triplet with the two 
outer members vibrating perpendicular to the lines o£ 
force, and the inner one parallel thereto. 

4437*3. A distinct widening of the line, but it is t<x> weak to 
affect the sensitive plaiti when the calcite is iuterpoMd 
to analyse it 

4315*3. A distinot widening of tiie line; bat it is slso too wsiik 
ss in X 4437-3. 

4065-2, This line is distinctly widened ; and, on snalysing it with 

the calcite, it seems to be divided into a triplet, with 
the two outside members vibrating perpendioiUar tx> tiis 

linoH of forcp, and the middle one parallel thereto. 
4053*0. It shows a distinct widening, and when analysed by the 
calcite, it se^ms to be a triplet, the two outer members 
vibrating perpendicular, and the inner one p^rrJlfJ, to 
the linet of force. 
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X 4041 1. ^ These two lines show a distinct widening — but are too weak 
4016*2./ 10 aiMlyie. 

3896*0. This line is » triplet^ ths two outer members of which 
vibrate perpendioiilar to the lines of foros^ and the inner 

one parallel thereto. 
3604*2. This line is widened, and, on analysing it, although it is 
rather weak it seems to be a triplet^ with the three 

components \nbrating like X 3898. 
3633 '4. This line is widened, but it is too wf-ak to analyse. 
3586*6. This line appears as a widened reversal or doublet The 

reversal is not sharp nor well de6ned. 
3553*7. This line is widened, but it is also too weak to analyse. 
3122*8. This is a triplet; the two outside members of which 

vibrate parallel to the lines of loroe,. and the middle 

one pefpendieular thereto. 
3122-6. A weak line which appears to be widened, although this 

is not easy to make out on account of its weakness^ and 

also particularly its nearness to X3122'8. 
3029'3. This line is a doublet or reversal. Tho two members are 

quite clear, sharp and well define^!. 
2d95*l. A Roniewhat broad line, which seems to show signs of 

wideniiij^. 

2990*3. The line is weak, and seems to become a doublet or reversal 

—but the division is not very clear or well detined. 
291 3 '6. This line becomes a triplet, the two outside members of 

whieh vibrato perpendicular to tiie lines of force, and 

the inner one ib parallel thereto. 
2625*6. It seems to be slightly widened, but it Is too weak to 

analyse. 

2820-1. A rather broad line, which seems to be slightly widened, 

but it is too weak to analyse. 
2802*3. This line shows sis^s of widening. 

2748*3. This line becomes a triplet, the two outside members of 

which vibrate perpendicular, and the inner one parallel, 

to the lines of f(jrce. 
2676*5. This line becometi a w idened doublet or reversal. The two 

divisloiis ara sharp, dear and well defined. 
2426*1. This line also beooroes a widened doublet or raversaL The 

two members do not appear to be so ahaip nor so clearly 

defined as those of 3029*3 and 2676*6. 

With regard to the lines which are divided into triplets, of 
those arising from 4792 8, 4, 40G5'2, 4053, 3898. :^HH% 

2918-6, 2748-3, the two outer members vibrate perpendicular to 
the lines of force, and the inner one parallel thereto Whilst of 
the triplet arising from 3122-8 the two outer members vibrate 
paraUei, and the mner one perpendicular, to the lines of force. 

It may be mentioned here that the air linee at 4600 and 
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3994 show well-marked signs of being widened, as has been 
noted before. 



AmiMONT. 

X 46S2*0. This Uim beoooMi • wideiifld rmnal or doabkt The 
•eparation is well marked and olearlj defined. 

4264*4*} "^^^ ^road lines which seem to show signs of widening. 

4132 8. j Two lines, which seem to show diitinot wideningi but sis 

4033*7./ too weak to analyse. 

3722*4. This line becomes a widnnfHl reversal or riouUek Xhs 
separation is quite sharj) and clearly defiriefl. 

3637*5. There in a distinct widening of this hne. On analysing 
it witli the calcite, it seems to lie a triplet, with the two 
outer coniponents vibrating perpendicular, and the inner 
one parallel, to the lines of force. 

3597*8. A nebttkras line, ud seems to show signs of bsing 
widened. 

3620*3. A wsak line^ whioh appears to be widened, but it is too 
weak to analyse. 

3498-3 } '^^^ nebulous lines, which appear to be widened. 

3267*6. There is well marked widening, When analysed with the 
calcite, it appears t<i be a triplet, the two outeidc 
members of which vil)rate parallel, and the inner ooe 
perpendicular, to the lines of force. 

3240*5. A broad nebulous line, which appears to be &iigbUy 
widened. 

3231 *6L This beoomes a triplet, the two outer members Tilnle 
parallel, and the inner one perpeodienlar, to the linsitif 

foroe. 

3039*8. A broad difiVise line, which is periiaps a little widened. 

3029. This beoomes a triplet On analysing with the oaloil% H 
s^ms to be di%nded like 3931-6, but the meTOber5 «f 
the triplet do not seem to be as sharply defined as ihoie 

of 3231-6. 

2877*1. There is a distinct widening. On analysing with the cildte, 
it appears to be a triplet, with the two out&ide memben 
vibrating parallel, and the inner one perpendicukr, to 
the lines of foroe. 

2768*1. This line is widened, bat it doee not eeem to be sepsisial 
by the ealeite^ 

2717*9^ 

2691*3 > "^^^^^ lines show a widening, but they are too weak u) 
2681*7 J analyse by th » calcite. 

2668*9. A widened reveraal or doubletb The separation is stll 
marked and clearly defined. 
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Watf'Ungth 

X 2651 7. 1 These lines show distinot widening — bat they are too weak 

2611*3./ nj] alyse. 

2697*2. It shows a distinct widening; but the calcite did not 

separate it further. 
2572*7. This line is rather weak, but it neems to show signs of 

widening. 

2557*6. A distinct widening; and, on analysis, it appears to be 
ft triplet, with the two enter members vibrating parallel, 
and the inner one perpendieular, to the lines of force. 

2477 *3.\ These lines show a distinet widening — ^but they are too 

2444*6./ weak to analyaeu 

With regard to the lines divided into triplets, it is soen that 
of those ansint/ from 3267-6, ^^231-6, J^029, 2877'1, 2557 6, the two 
outer members vibrate parallel, and the inner one perpendicular, 
to the lines of force. On the other hand, of the triplet arisinpf 
from 3637'5, the two outer members vibrate perpendicular, and 
the inner one parallel, to the lines of force 

There are tnree lines on the plates and niarkpd by Hartley 
and Adeney as belonging to tellurium, which may be mentioned 
here, namely: 

3$82*0. A sharp, well-marked and weak line when the spark is 
noimal; but when it is in the mimetic field there 
appears to be no impression on the plate, even after 

70 tninutea' exposure Tt may he due to a widening or 

a division of the line which xnakes it too weak to affect 

the sensitive plate. 
3273*0. This is a widened doublet or reversal. The separation is 

well marked and sharply defined. 
3246*6. This gives a distinct widening. When analysed with the 

ealeite^ it seems to be a triplet, with the two ontside 

members Tibrsling parallelt and the inner one perpen- 

dienlar, to the lines of loroe. 



Bismuth. 

4724*5 This line beoomes a widened doublet or reversal 

4301*5.) Two broad strong lines and they mppotut to be slightly 

42502/ widened. 

4121*2. The line becomes a triplet, with the two outer components 
vibrating perpendicular, and the inner one parallel, to 
the lines of force. 

4079*0 \ 

^^^^.yl These are strong diilhse lines, and seem to show signs of 
3792 7 f widened. 
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X 37070. This strong diAue line Menu to be widened, and one er 
two pkfaM also show a wenk ill-defined donUot or le- 

veraaJ. 

3696*7. This line shows a widening, but no separation oonld be 
made out when the calcite was int-crpos^ed. 

3510*0. The line showed distinct widening; and on analysing with 
the calcite, it seems to Ihj a triplet, with the two outer 
members vibrating parallel, and the inner one perpea- 
dicular, to the lines of force. 

3396*7. There is a widening, but no separation oould be mede oat 
on interposing the caldte crystal 

8075*7. There leenM to be a widening^ but when the osloito is 
interposed, the light is too weak to affeet the photo- 
graphic plate. 

3067*1. A strmig line with dilRise edges and well marked reversal, 

even when the spark is normal. In the magnetic field 
each side of the reversal seems to be divided into two, 
and the appearance on the plate is of four lines, with 
the two outside inomberB rather diffuse on the outer 
edg^, and the two inner members nmch sharper. 

3023 8. The Une gives a widened doublet or reversal. 

2992*2. This weak line shows a distinct widening. On analysing 
with the oaloite^ the two outer oonnonents vibrato per 
pendieolaTi and the inner one patallelt to the ttnei of 
force. 

29881. A widened doublet or reversal. 

2937*5. The line is distinctly widened. On analysing with the 

calcite, it seems to be a triplet, with the two outer 
components viV>riiting perpendicular, and the inner OQS 
parallel, to the lines of force. 
2897*2. There la » distinct widening. On analysis, it appears to 
be a triplet, with the two outer componenUi vibrating 
perpendicular, and the inner one parallel, to the lines 
of force. 

2779*3. \ Both theee lines seem to be slightly widened, hot they are 
26270. / too weak to analyse with the oakite. 

Of the lines divided into triplets, those arising from 4121'2, 
2992-2, 2937 5, 2897 2, show that the two outer membera vibrate 
perpendicular, and the inner one parallel, to the lines of fora*. 
Whilst of the triplet arising from 35I0 o, the two outer membere 
vibrate parallel, and the inner one perpendicular, to the lioes 
of force. 



Lbad. 

4386' 4. "\ Both these lines are strong and nebulous on the less rfr 
42 45 '3. j frangible side ; and both ebow distinct widening. 
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WaveUngtk 

A 4168*2. This line shows distinct widening — but it is too w«ak to 
affect the sensitive pUte when the csalcite is intro- 

daced. 

4061*5* This becomes a triplet, and tbe two outside components 

seem to vibrate perpendicuiari and the inner one parallel, 

to the lines of force. 
4067*5. This becomes a triplet. The two outside components 

▼ibiate perpendioalar, and tbe inner one parallel, to 

tbe lines of force. 
4010*5. Tbe line shows marked widening, hat it is too weak to 

affect the plate when the ealcite is introduced. 
38r>3-2 A broad line which seems to be widened. 
3738*9. This line becomes a triplet, the two outside members 

vibrating perpendicular, and the inner one parallel, to 

the lines of force. 
3682*9. ThiB becomes a triplet, and the components vibrating like 

those of 3738-9. 

367 10. It shows distinct widening — but the line is too weak to 

affect the plate when the ealcite is inteiposed, even after 

more than 60 minntes* ezposore. 
3639*2. This line becomes a triplet, tbe two outside components 

▼ibrating perpendienlar, and the inner one paimUel, to 

the lines of force. 
3572*6. A weak line, which seems to be a triplet, the members <rf 

which vibrate like those of 3639*2. 
2872-2. The line beoome5? a widened reversal or doublet. 
26<^2'2. The line is distinctly widened ; and, on analysing it with 

the ealcite, seems to be a triplet, with the two outer 

members vibrating perpendicular, and the inner one 

parallel, to the lines of force. 
3822*1. Tbe line is distinctlj widened, bnt it is too weak to 

analyse. 

2801*4. Tbis line is widened, and the csldte separates it into 
a triplet, with the two outer components vibrating per- 
^pendioolar, and tbe inner one parallel, to tbe lines of 
force. 

2662*3. The line is widpnpd. On analysing with the ealcite the 
components are weak, but it sefms to be divided into 
a triplet, with the two outside members vibrating 
parallel, and tbe inner one perpendicular, to the lines 
of force. 

2613*4. There is a distinct widening. With the ealcite it is 
divided into three, and tbe two outer members vibrste 
parallel, and the inner one perpendicular, to tbe lines 
of force. 

2676*4 1 

2475 '7 i "^^^^ ^^^^ widened, but are too weak to analyse. 

32Q4'3, A weak nebulous lins^ wbsob seems to sbow signs of being 
widened* 

7—2 
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With regard to the lines divided into triplets, of the lines 
4061-5, 4057-5. 3738 9, 8682 9, 3639-2, 8572*6, 2832*2, 2801*4, the 
two outside members vibr»te perpendlcalar» and the inner one 
puallel, to the lines of force. On the other hand, of the triplets 
arising from 2662*5 and 2613*4, the two outside members vibrate 
parallel, and the inner one perpendicular, to the lines of force. 

Tin. 

X 4524*0. The line becomes a triplet, the two outer members of which 

vibrate perpendicular to the line of foroe» and the inner 

one parallel thereta 
3800*3. There is « distinct widening^ and, when aoalyssd by the 

calctte, it seems to be a triplet, with the two outsids 

components vibrating perpendicular, and the inner one 

parallel, to the lines of force. 
3655*5. The linf^ is widpiied, but the image is too weak to analyse. 
3351*8. A nebulous band, which seeiTis to be very slightly widened. 

No separation can be made out by the caicite, 
3330 '0. This line becomes a doublet or reversal. The separation m 

clear, sharp and well defined. 
3282*9. A nebulous band, which seems to be very slightly widened. 

No separation can be made out by the oalcttei. 
3261*6. The line beoonies a triplet^ and the two outside msmben 

vibrate parallel, and the inner one perpendicular, to the 

lines of foroe, 

3174*3. This line becomes a triplet, with the two outer componeott 
vibrating parallel, and the inner one peipeodicular, to 

the lines of force. 
3033*1. This beoomos a triplet, with the two outer members 
vibrating perpendicular, and tii© inner one paralki, to 
the lines of force. The three components, when Rn:ily^e.j 
by the caicite, do oot app^r 6q well deiiued nor so slxarp 

as in other instances. 
3007*9. This is a triplet^ with the members Tibrating as in '*03S-1. 

And also here the components sq>aratsd by the caldti 
are not so well defined, although the definition is ahaiper 

than that of 30331. 
2362*1. This line becomes a triplet, the two outer cmnponenti 
vibrating: perpendicular, and the inner one parallel, ts 

th»' linc^ (i{ force. 
2349*3. A sonu'whiit \seak line, which is wj^iened The separatioa 

is not very well defined, but it ne^iius t<.. be a triplet, 

witn the two outer members vibrating perpendicular,! 

and the inner one parallel, to the lines of force. 
2838-9. This becomes a triplet, with the components vibietiQg ii 

the last 

2705*8. There is a well mariced widening, but (he Ime is too week 
to analyis with the caicite. 
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With regard to the lines divided into tnplets, of those which 
arise from the lines 4524, 3800'3, 3033 1, 8007 9, 2862-1, 284.9*3, 
2838*9, the two outside components vibrate perpendicular to the 
line*? of force and the inner one parallel thereto. Whilst of the 
triplets which arise from 326r6 and 31 743, the two outer 
members vibrate parallel, and the inner one perpendicular, to the 
lines of force. 

There is a weak line at 3032*2 which appears to belong to 
areenic, and it seems to be widened in the magijetic field. 

The general results, therefore, of the eflfect of very strong 
electro-magnetic fields on the spark spectra of the above-meution«d 
elements are : — 

(1) That there is a division of some lines into triplet^ the 
components of which vary in the directions of their vibrations. 

{%) That other lines are widened, even when they do not 
seem to be divided. 

(3) That there is an increase in the number of lines which 
are reversed, if these, or some of them, are not real doublets. 
It may be mentioned that some of these reversals or doublets 
seem to be as persistent as those which have been noticed when 
the reversed line has its origin in the arc. 

With regard to the doublets or reversals^ it does not seem 
easy to distinguish them from each other when they are observed 
with the magnet broadside on. But there may m a difference 
in that when a line is really doubled, the two components seem 
to be much wider apart than is observed usually in reversals ; and 
they are also sharp, well defined and persistent. However, this is 
a question which will be investi^ted later. 

The investi^tion is still in progress, together with other 
elements and slloys, and some of the photographs will be pub* 
Ushed later. 

Finally. I desixe to express my best thanks to Profe^^or Liveing 
for allowii^ me the use of his spectroscope ; to Mr Q. F. C. Searle 
for measanng the magnet after it was constracted ; and to Mr C. T. 
Heycock for the gift of the electrodes of pure gold. 
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On the relation in size betiveen the megalosphere and the 
microspheric and meqaJo^pheric tesU in the Nummulites. By 
J. J. LiSTSR, M.A., h\ii.6., St John's College. 

[Read 13 Mtaeh 1905.] 

At the meeting of the Society on 31 October* 1904, the author 
drew attention to the fact that in the three English species of 
Nvmmtditee, viz. N, laemgatus, variolar%u8 and 'Regans' both 
megalospheric and microspheric forms were represented and 
associated in the Bracklesoani and Barton beds of the Hamp- 
shire basin. 

A comparison of the sizes of the megalospheres in these species 
suggested that a definite relation might eiist between them and 
the sizes of the whole microspheric tests. 

To examine this question the following species have been 
examined: Nummulites complanatus (tchihatcheffi), N, per/craUiM 
(Lucawmta), N. ffitehensis {curvispirue), N, perfi)ratu$ var. chm» 
(LucaaanuB var. obsoletua), N. laevigaius (LaTnarcki), Assilina 
exponens {mamillata), Nummulites biarritzensis (guettardi), di*- 
corbinus (sub-discorbinus), N. Orhignyi (wemmelenais var. elegans) 
and N. variolariua (Heberti). (The name included in brackets is 
that of the alternate form of the species. In all cases except the 
last it happens thut the name of the microspheric form has priority 
over that of the megalospheric.') 

Th<^ species are here arranged in order of the sizes of the 
nil galospheres, and this is found to coxneifie with the order of the 
volumes of the microspheric tests (with the exception of the 
variety obesus of N. perforatus, the microspheric test of which 
falls one place out in the series). 

Polystomella crispa is the only meiuber of the Nummulitidae 
of which the details of the life-history are approximately known, 
an l in this the only mode of origin of the inegaluspheric form 
wliich ha.s been observed i.s, by an asexual process of reproduction, 
from a niicrospiieric parent. Hence it would appear that in this 
mode of reproduction, in the Nummnlitidae, the size of the offspring' 
is approximately proportional to the volume of the protoplasm of 
the parent. 
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The microsphere probably arises as a zygote formed by the 
ooojugation uf the zoospores produced by the megaloapheric io- 
dividuais ; and the size of the microsphere is found not to vary 
ouLside 15-20 /X in the four species (N. yizehensis, laemgatm, 
Orbignyi and variolarim) in which it has been measured. 

The two modes of reproductiuii are thus contranted in the size 
of the oflypring. 

The great reduction in the size of the raegalospheric test in 
the earlier species ou the list {N. complanatiLs, perforatus, &c.) 
«ras compared with the currcspuiiding phenomenon offered by 
Ferns, in which the prothallus is dwarfed by the large sixe of 
the sporophyte. 
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The old Mormnu of So^uh Victoria Land. By H. T. Ferrar. 
M.A., Sidney Stuaez GoU^. (CSommunicated by Mr A. fi. 
SmPLiT.) 

[Bead 13 March 1905.] 

The paper first dealt \s ith the Topography of South Victoria 
Land, a land consisting of a range of mountains some 800 nuies 
long in a North and South direction, with a steep East wand face 
on an average 10,000 feet high, facins: the sea and buttresMng" a 
vast interior ice-field. Details were given of the stranded moraui* ? 
on Cape Adare, on the Possession Islands and on Franklin LsUnd 
as well as those high on the .slupes of Mount Erebus and Terror. 
The latter could only have been landed there by the Ross Ice- 
sheet being thicker than it is at present. "Reversed glaciers, 
glaciers not reaching the sea and beheaded glaciers were men- 
tioned ; all pointing to the same conclusion, a retreat of the ice. 

This retreat is now going on, so that increase of cold could not 
produce a greater glaciatiou. If this former greater extension was 
due to a warmer climate, why have the New Zealand glaciers 
decreased of late, and what is the coimection of the 'Ice-age* of 
Europe With the ' Great Glacier Epoch ' of New Zealaaa and 
Patagonia ? 
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Kain an a CoUeetum of Parasites belonging to the Museum of 
Uinvernty College, Dundee. By A. E. Shipley, M.A., F.R.S., 
FeUow and Tutor of Christ's College, Cambridge, and University 
Leetuer in the Morphology of the Invertebrata. 

[Received 7 March 1905.] 

This collection of parasites was handed to me some consider- 
able time ago for determination ; in working them out I have in 
many cases consulted Dr von Linstow to whom I owe my best 
thanks for his ready help. The collection contained fifteen species 
of Nematoda of which eleven belonged to the genus Aeoarie and 
ten species of Gestoda of which five belon^»d to the genus 
BothnoeqfhakiB, 

As biefits an important centre of the whaling industry the 
pansiteB collected in the Museum at Dundee are largely taken 
nom marine animala The seal, the walruSi the narwhal, the 
dolphin, several fishes and the cormorant figure amongst the 
boats. A complete list of these is given at the end of the Paper. 



NEMATODA. 

1. ASCARIS ADUNCA liud. 

A. rigida Rud. 

A. biuncinata Molin. 

Diesing, System. Helm. ir. p. 171. 

Molin, SB' Ak. Wien. xxxiii. p. 297. 

Schneider, Monog. d. Nematoden, p. 48. 

Ramsay Wright, P. Canad Inst. L 1879, p. 72. 

von Linstow, Arch. Naturg. 1878, p. 236. 

„ „ „ 1884, p. 130. 

„ Ergebn. Hamburger MagrJhaenische Sammelreuie, I. 

Numerous specimens from Lophius sp. The organ affected 
Wis indecipherable. The nematode is described from the stomach 
tad intestine of the Ahea wtigarie Guv. and Val. 
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2. ASCARIS ATTENUATA Molin. 
Molin, SB. Ak. Wien, xxx. p. 147. 

A large number of specimens with no host reooided, ther wevs 
presumably taken from a Python as tron Linstow reoords this 
species in the intestine of Fythm tigria Band. Another bottle 
contained specimens from Python mahtrui Gray. 

3. ASCARia CLAVATA Rud. 

Diesing, Syst. Uelm. ii. p. 176 and Bevision d. I>iemAtodeo, 

p. GG^. 

von Linstow, Arch. Naturt/ 1880, p. 43. 

„ Arch. mikr. Anat LX. 1902, p. 2. 

Several specimens taken from the duodenum of the Cod 
morrkua, it is also recorded from the Haddock Qadiu a^h/mm, 

4. A8CARI8 DEGIPIEN8 Kiabbe. 

Krabbe, Vid. Medd. pp. 45 — 47. 

von Linstow, Fauna artica, Rumer and Schaudinn, L p. 119, 
Jena, 1900. 

No host is recorded for these Rpecimens but it i^^ common 
enough in the intestine of Fhuca harhata Miiller and Phuca 
groenlandica Miiller, Fhoca hispida Schreb and Phooa vitulitna 
Lin. 

Another collection taken on the S.S. Eclipse were found in s 
bearded seal Fhoca barlfota MuUer at Lat. iib 30 and Longii 
55' 10' W. 

Another collection was made from the stomach of the Wslnifi 
THchechm rosntai as Lin. taken oQ Greenland. 

5. ASCARIS MYSTAX Rud. 

Diesing, Syst. Helm. IL p. 179. 

„ Ak Wien, XLII. 

Schneider, Monc^. d. Nematoden, p. 38. 
Bischoff, Zeitschr. wise. Zool. vi. p. 377. 
Baird» Rep. New York ZooL Soa viii. 1903, p. 129. 

A few specimens from a dog. This Nematode is also a hoiDitt 
parasite, bemg occasionally found in the intestinea. 

6. A8CARI8 08CULATA Rud. 

Schneider's MonoLir d. NematodeU| p. 44. 

Krabbe, Vi^i Mcdd. p. 45. 

Nehhng, SB. Ges. naturi. Berlin, 1884, p. 69. 
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voD Linstow, Fauna artica, Eomer and Schaudiun, L p. 119, 

Jena, 1900. 

von LiDstow, Arch. mikr. Anat. XLIV. p. 509. 

Joyeux-Tiaflfuie, Bull. Soc. Kormand. VIII. 1895, p. 144. 

Stiles liiid ilasweli, Interoal Parasites of the Pribilof Fur Seal, 
WaahiQgtoD, 1899. 

Numerous apedinens from Phoca barbata but from what part 
of the body is not recorded. It has been described from the 
intestine of this species of seal as well as frotn t hat of Halich oerua 
grypas Nilss., Mtmachm albiventer Gray, Fhoca cristata Fahr., 
Trichechus roemarue Lin., Leptonyx monachus Fahr., Phoca grotn- 
landica MuUer, Phoca annellata Nilss., Phoca pantherina^ aod 
Phoca vituHna. A second set of specimens came from the Harp 
Seal Phoca groetUandioa. 

7. AIXfARIS RUBICUNDA Schneider. 

Schneider's Monogr. d. Nematoden, p. 42. 
Stossich, Boll. Soc. Adriat. xvi. 1895. 
Miilier, Arch. Natuig. LXiiL 1897, p. 9. 

A few specimens from an undetermined Pvthon. This snedes 
has bera described from the oesophagus and stomach of rgOum 
mokmrtm Qray. 

a A8CARI8 SIMPLEX Rod. 

Rndolphi, Entoz. Hist. II. p. 170, and Synops. p. 49. 

Kmbbe Vid. Medd. p. 47. 

von Liiistuw, Voyago of the ChalkriL^'^r, xxill. Pt LXXI. p. 2. 
Stiles and Harwell, Internal Parasites oi the Pribilof Fur Seal, 
Waahiagton. 1899. 

Many specimens from the Dolphin DeijMnue delphia Lin. 
The species has also been described from i^hocasna coffimunts 
Cut., PkUameta gangetioa Cav. It is found in the stomach and 
oeBopha^^nSi 

9. A80ARIS SPTCUirFERA Rud 

Diesing. Syst. Helm. ii. p. 157. 

Leidy, P. Ac. Philad. 1858, p. 102. 

Schneider. Monog. d. Nemat. p. 45. 

Parona, EIrnintol. Sard, p. 70. 

von Linstow, Voyage of the Ghailenger, xxiii. 

A few specimens from the stomach of the CormoFsnt, Phakh 
meorax sp. It is a common species in sea-bitda 
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10. A8CARI8 TYPICA (Diesiiig). 

ConocepficUui tgpioM Dies. 
SB Ak. Wien,XLn. (1860). 1861, p. 669. 
C. W. Stiles and A. Ifaswell, The Internal Paraaitei of the 
Pribilof For Seal, Ft m. p. 127, Washington, 1889. 

A few examples from the stomach of Globicephalus globioeps, 
others from that of Ddpkinm delphis Lin. 

11. A8CARJii sp. 

This Ascaris from an unknown host was unidentifiable. 

12. PHT8AL0PTERA DILATATA Rnd 

Diesing, Sy^^.t. Helm. ii. pp. 233—2.34. 

Molin, MoQogr. del Gen. Pkyealoptera, pp. 6iH — 64d. 

A few specimens of what seem to be Physaloptmu di kM/k 
were taken from the Hnasar Monkey, CereopUhecue pyrrhomtut 
^probably from the stomach). Von Linstow reooras it from 
LogaJlhrix hvmJMdtii Qeoflfr. and from Gikm /aittdluB firzL 

18. PH78AL0PTBRA TERDENTATA Molin. 

Molin, Verh. Ges. Wien, 1882, p 127, and Monog. d. geous 
PkyeaLopkera, SB. Ak. Wien, 1860, p. 651. 

Four specimens from a Leopard. This species has hitherto 
been described from the Puma, Felis concoiar and it is quite 
possible that the word leopard has been loosely af^lied in thii 
instance. 

14. PBEUDAUU8 ALATU8 Leuck. 

Wie^mann's Arch. Naturg. 1848, pp. 26 — 28. 
von Linstow, P. E. Soc. jEkiinb. xvi. 1888. 

A large collection from a Narwhal, Monodon monoceroe takes 
off OreenUmd. The pi^rt of the body from which the Memalodo 
were taken is not mentioned. Von Linstow's specimens came 
from the vessels of the inside of the cnoiium, the Euatachiia 
tubes and the pbsiynx, 

16. aPIBOPTERlNA COBONATA van Bea 

van Beneden, Mem. sur 1. verb lutestinauz, Paris, 1861. 

Several specimens from " a Dogfish." It usually ooimm in the 
liver. 
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CESTODA. 



16. ANTHOBOTHRIUM TORTUM Utm, 

▼cm liinatow, Arch, fiakter. xxxvil. 1904, p. 682. 

This curious tapeworm was found with its head embedded in 
Lhe tissues of the stomach wall of a Phoca barbaia. The length is 
some' 23 mm., the breadth 3 mm., the edges of the animiu are 
thickened and the animal is twisted or coiled round its longi- 
tudinal mxm. The head bean finn cushions and in the oentre a 




maze of convoluted ridges as is shown in the figure. The pro- 
glottides are anteriorly 0*11 mm. long, posteriorly 0 24 mm. There 
are no calcareous bodies and the reproductive organs had not 
developed. The central area was well marked off from the 
peripheral by transverse muscles. 
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17. ANTH0CBPHALU8 REPTAN8 Wag. 

Diwing, Syst. Helm. i. p. 563. 

„ SB. Ak. Wien, XLViii. p. 313. 
OlssoD, Lund Univ. Ars-skr. iv. p. 9. 

A few spedmens from the muscles of Brama rayi Bloch : it is 
also recorded from the muscles, peritoneum, liver of Poffomiat 
ohromia Cuv. and Yal. 

18. BOTHRIOCEPUALUS ANGUSTATUS Rud 
Diesing, Syst. Helm. i. p. 594. 

Nuiiiorous fragments taken from the intestine of the SalmoQ, 
Salmo miar. Diesitig record*? it from Sci/rpaena scroja Lm. 

19. B0THRI0CEFUALU8 ANTEOCEFHALUS Rud 

Krahbe, Helmiuiholog. Undersogels. i Denmark og pa Island, 
Copenhagen, 1868. 

von Linstow, Bull. Ac. St Peterdb. xv. p. 271. 

Several examples fi'om an unknown h(^t probably Phoca 
barbnfff. This seems to bu the parasite for which Monticelli has 
proposed the generic name of Pyramicooephalus, BoU. Soc Napoli, 
Ser. L IV. UdO, p. 189. 

20. BOTffRlOCEPHALUS LANCS0LATU8 Riabbe. 

Krabbe, Uelnnntholog. Uudersogel. i Denmark og pa Island. 

Copenhagen, 1868. 

von T.instow, Arch. Naturg. 187 S, p. 218. 
Bu^asou, H. du.. Rev. Sci. Bourbon nais, xvi. p. 133. 

Several specimens from the intestine of Phooa barbaia, tio9 
species has also been described from Oadua morrhua Cot. 

21. BOTHRIOCEPHALUS MICR0CEPHALU8 Rud 

Diesmg, Syst. Helm. I. p. 692. 

,» SB. AJc.Wien, XLViii. 
Monticelli, Osservazioni sul Bothriocephaius miorooephalii>» 
Rud, Napoli, 1888. 

Ltthe, Zeitschr. wiss. Zool. Lxvm. 1900, p. 48. 

Vefy numerous specimens taken from OrAagoriscus mots 
Schneicler, the Sunfish. It is also recorded from 0. ncwM BaC 
It is found in the stomach, intestine and giUa 
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22. B0THRI0GEPHALU8 RUQOSUS Goeze. 

Dieang, Syst Helminth, i. p. 691. 

„ Rev. d. Gephal. Param. pp. 239—240. 
Wagner, Zeitflchr. wiss. Zool. ix. pp. 73—77. 
Olsson, Acta Univ. Lund. iv. p. 10. 
von Linstow, Arch. Naturg. 1888, pp. 242 — 245. 
Schaninnland, Jen. Zeitechr. xul 1883. 

A hw specimens from the Haddock, Chdua o/egUfinuB Lin. It 
is osually found in the intestine and the pyloric appendages. This 
spedes also occurs in the Cod and in Merlangua carhonarim Cut.» 
Lota vulgaris, MctMa nuutda Oaw,, and probably in many other 
fishea 

23. CYSTICA ROUS DELPHI NI Rud. 

Box, Histoire des Vers, i. p. 824. 

▼an Beneden* G. R. Ac. Scl uvu. p. 1051. 

A fair number of specimeus taken from the blubber of 
Delpkinus delphis L. These cysticerci are said to be the larval 
forms of some species of Phyllobothrium. 

24. SOIENOPMOMUS MEQAL0GEPHALU8 Crepiin. 

Bti/tkrid^m pgUwnis Blanchard. 

Diesing, Syst Helminth. I. p. 595. 

B]anc£ttd, Ann. ScL nat. 8ra Ser. XL p. 118. 

Qrieflsbach, Arch. mikr. Anat. xxn. 18iB3, p. 365. 

Monifii. Bull, du IMp. du Nord, 2nd Ser. 2 ann. 1879, p. 118. 

Stosaicfa, BolL So& Adriat xtl 1895. 

Two specimeus from a Python sebae. This species has also 
been deacribed Iruru the intestiQe of Python nujlurus and P. tigris. 

25. TAENIA EACEMOSA Rud. 
Diesing, Syst Helm. L p. 511. 

Many specimens from Eunectes murinus Wagl., it has also 
been described from the intestine of Bothropa jararacca Wagl 
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LIST OF HOSTS WITH THE PARASITES DESORIBBD 
m THE FOREGOING PAPER 





NEMATODA, 








POSITION 


HOST 


PARASITE 


ly HOST 


Cam§/amUiari$ 


Amarin ntytUm Rud. 


UndelmiiMdl 




Phytalopiem dUnUata Riid. 


Sliomdi t 






Mphiwm Mphu 


JjecMit mmpUx Rod. 


StoniMhiad 
ootophiyiB 




Aaoa/rU iffpioct (DieBing) 


Stomich 


"Dogfish" 


Spiroptmina eonmata van Ben. 


f Liver 


FeliBpardui 


Phymlapimn terdeniitia Molin. 


Undetormiiied 


Gadiis morrhna 


Ancaris clavaUi Kud. 


Duodenum 


Olohir, phcdm globi- Atcarvi typica (Diesing) 


Stomach 


cep8 






Lopkiui sp. 


ilicartt adunca Rad. 


Undetemiuied 


Afatwdon monoceraa 


PmtdaUu9 aXaiut Leaok. 


TJiideteniiuiad 


PJldlorrorordx gp. 


Aticar'is spxcuUffura Rud. 


Stomach 


Phoca barhata 


Ascaris decipiens Krabbe 


Undetermioed 


Phoca harboia 


Aacaris oaculata Rud. 


Undetermined 


? Python tp. 


AMorii aiUnutUa Molin. 


Undetermiiied 


t Python sp. 


A$oarU ruMeimda Schneider 




Trichechus rosmartuf Aacaris decipienB Erabbe 


Stomach 



GESTODA. 



Bmma myi 

Ddphinm delphU 
SuMeiea mwrinxu 

Gndua ctegUfinua 

OrtkofforiteuB mola 

Phoca harhata 
7 Phoca barbaUk 

Pf^hon mkcm 
Sakno 9alar 



AtUhoe^phalui rtptam Wag. 

Cyitieereut d^kini Rod. 
Taenia raomnaoa Rud. 

Boihriocephalua rugo9u$ Ctoese 

BoUmouphaluB microcephaltu Rud. 

A nthobothrium tortum v. Line. 
Bothriocephalic anthocephalua Rud. 
BoihriocepheUut UmeeaiaiuM Krabbe 
Snlmophantt meyaloptphaha Creplin 
Im angmuam Rud, 



Uadetermined 

Blubber 
UndetermiDed 

Undetermined 

Stonmch. in- 
testine^ gilli 
Stomach 
UndetermiDed 

Inteitm 
Intartine 
IntevtlDe 
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On the Maiuraikm and Sativ DevOopmmit of the UnferHUM&d 

£^g in eertain SawJUu (Tentbredinidae). By L. Dohcastbe, 
A., King's GoUege*. 

[JSisMuiMf 24 Febniaiy 1905.] 

In a former note (Proe. Catnb. PhiL Soc YoL xn. 1904, n. 474) 
I gaye an aooount of the maturation and fate of the polar Dodies 
in Nemaiua ribesii, a sawfly in which unfertilized eggs yield males. 
The preeeat note summarizes my investigations on other species 
of the &mily. 

The species .observed, in addition to if. rt5em» are Kemaim 
pmdu9 and K, kustmu, PoocUoaoma hUeolum, Croeaus varua and 
nomiehroa rufa» Of these species, N, pavidut is known to produce 
males from virgin eggs; iv. lacteua lays eggs readily when not 
impffegnated, and these develope to young larrae, but I know of 
no ease in which they have been reared to adult fliea The species 
resembles iV. pavidm so closely, however, that it probably belongs 
to the male-prod ucin^^ group. In N. lacteua the maturation and 
fiite of the polar bodies was veiy similar to that described for N. 
nbem; the second polar mitoses gave rise to four similar nuclei 
Iving near the dorsal edge of the esg, of which the innermost is 
the egg-nucleus, the three outer tne polar nuclei. Tho egg- 
nucleus sinks into the yolk and begins to divide to form the 
embryo, the outermost polar nucleus degenerates, and the two 
inner nuclei move titt[etner until they come into dose contact. 
It appears however that the fusion is less complete than in N, 
tton, and the two nuclei break up into chromosomes, giving two 
groups lying side by side, each containing 8 chromosomea One 
of these groups usually rapidly disappears, the other persists for 
some time longer. The series of N. pavidus was unfortunately 
D^i complete, but the stages obtained make it almost certain that 
the course of events is similar to that described in iV. lacteus ; it 
anpears therefore that botb these species are essentially similar to 
N. ribesii in their early development. 

Poectlosoma Ivteohnn is known to produce only Js from un- 
fertilized eggs, and can be bi-ed for several gcneratiuus without 
any males appearing. The maturation mitoses take place as 

* AloU puper with flsans dlMQiiloo nill Im paldlibfd «litwlMN. 

VOU XIIL FT. IL B 
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before, giving rise to four nu lt i which differ from thoee eC the 
other species in being of different sixes. The outermost is 
smallest, the second lai^er, and the two inner ones laiger slilL 
There is a considerably greater space between the two inner polar 
naclei than in the male-prod ncing species, and these two nndsi 
show no tendency to conjugate. The egg-nucleus sinks in and 
begins to divide, and the polar nuclei rooYe slowly to the edge of 
the egg, begin to shrivel, and jfiinally degenerate, usoally without 
showing any signs of breaking up into chromosomes. In some 
eggs, hffwever, at a stage at which in normal eggs the polar nuclei 
would have nearly or quite disappeared, a compact mass of chro- 
mosomes is found in the "polar protoplasm," and it seems probable 
that in these rare cases a fusion of all three polar nuclei has taken 
place, as was foimd by Ilt iikiiif^ in certain insects. 

In Hemichroa ruja, which produces mostly females with a few 
males from unfertilized eggs, the course of events does not differ 
greatly from that in P. luteolum. The polar nuch i are all about 
the same size, and the two outer dcqronerate rapidly ; the inner- 
most on the other hand be* unu s resolved into chromosomes which 
persist for some time without undergoing further change. As in 
jP. luteolum the two inner polar nuclei lie far apart, and show no 
tendency to conjugate. 

Croesus vams produces only females from imfertilized eggs, 
and the male is not certainly known. The earliest stAC^es obtained 
of this species were after the second polar mitosis, and show the 
two inner polar nuclei in the polar protoplasm, and the degenerat- 
ing remains of the outermost. The two inner polar nuclei are 
very close together, as if preparing to conjugate, but the ne^t 
stage shows that one of them has become resolved into chromo- 
somes, while the other has disappeared. The chromosomes derived 
from the innermost polar nucleus (nucleus of the second polar 
body) are at first eight in number, but before they degeneiite 
they divide so that at a later stage a greater number is mond, ss 
was frequently the case in N. n6«m and if. paviduM, 

It appears therefore that in the arrhenotokous species the 
inner daughter nucleus of the first polar body conjugates with the 
second polar nucleus, the conjugation beio^ more or less complete 
in different cases ; in the thdjtokous species^ on the other hand, 
no tendency to conjugation between these nuclei is observable, 
unless their close proximitv in C, varus indicates an abortive 
attempt at conjugation in that species. It is of interest in this 
conneiion that in a very small proportion of eggs of N. rthnU, ss 
was mentioned in my previous note, the development takes place 
after the thelytokous type, and it is known that a small percentage 
of females may be bred from virgin eggs of that species. 

In my note on N, ribmi it was mentioned that the ohromo* 
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aome nninber in the mitoaes of the jrolk-nndei derived from the 
W-nndeiis remained the same aa m the maturation divinona, 
tott haa been confirmed by other aectiona of thia species, and ia 
seen even more dearly in P. UdeoUm^ where the chromosome 
nnmher la clearly eight, both in the polar mitoses and in those 
foond in the blastoderm. This raises an important qaestion, for P. 
Uaedmn can continae to reproduce parthenogeneticaUy for several 
genemtions, and if no doubliog of the number takes place it 
seems impossible that reduction can occor. The question cannot 
be settled definitely until the oogenesis or spennatogenesis is 
worked out, but my provisional conclusion is that both maturation 
diviaions are equational, and that no reduction takea pk^ce. 

Another point of interest concerns the centrosome. In none 
of the apecies studied have I been able to find centrosomes in the 
polar mitoses, but io the divisions of the yolk-nuclei and in the 



stained granule surrounded by a clear field Since the eggs are 
unfertiiiaed they cannot be derived from the spermatosoon, and it 
seems certain therefore that they arise de fiotH>, as was found by 
Wilson in artificially parthenogenetio eggs of Eehinoderma 




consisting of a central deeply 
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Dtnsittes of the Earth's Crust beneath conHnents and ooetmi 
compared. By Rev. O. FiSHEB, JIA., F.Q.S.» Hon. Fellow of Jem 
OolMge. 

[Beeeived 10 March 1905.] 

The following paper refers to the subject treated of with 
Mr Brill's assistance in the Recond edition of my Phj/sics of the 
Earth*8 Citist*. Our conclusions were criticised by Mr Blake f. 
while Mr Juke^ Hrowne desired further conditions to be taken 
into account than wo had con^sidnred^. Since I referred to our 
results in a paper nt the British Association 1904, during the 
dismssion of tlic causes of comprtjssion of the earth's c^u^t^, I 
have been led to g<^ throup^h the probleni afresh, making, as I 
think, considerable improvements in the demonstration, and ob- 
taining some additional results which are of intertjisl. 

Neglecimtj the oentritugal effect, let us regard the earth as 
a sphere, wiiuse surface consists of fiat land and water. If it is 
spherical, gravity must be constant all over its surface. Observa- 
tion upon the force of gravity u|)on islands, as well as Hacker's 
direct observations in crossing the Atlantic!!, confirm this view. 

Let us therefore assume the earth to consist centricallv of ft 
nucleus of concentric layers each of uniform density, cove red with 
a concentric shell varying from place to place in the number, 
density, and thickness, of the layers of which it is composed; but 
whoee normal attraction over its outer spherical surface is uniform. 
This attraction, combined with that of the nucleus, will causa 
gravity over the surface to be uniform. 

Since the denfdty of the ocean is less than that of the laocl 
and its defpth vwnMe, there most be some armngemeot of tbe 
densities and thicknesses of the solid crust to compensate for thsw 
variations, so as to render the normal attraction constant; and oar 
enquiry consists in seeldnff some law which will effiact thu ohjeei 

The form being consicMred spherical, and the normal attrsdiaB 
of the solid crust and the ocean as constant over the snriaoe, it is 
equivalent to that of some hypothetical uniform shell. If we thsn 

* Phyiirs nf the Earth'!' Crust, 2nd mL, ok. XVII. ftiid Appittdiz, ok. ZZfI» 

t AnnaU of British Geology, 1692. 

1 Nature, Nov. SI, 1889, Vol. xli. p. 64. 

I Oeological MagoMim^ DtMde v. Vol. i. p. 496, 1904. 

II 0. Hecker, Bestimmung dpr SrhwrkrafT nuf d/'rn .4tlanti»chrn OTtan tcvit 
in Rio de Janeiro, Liuabon und Madrid, VerbfientUohaogea dM &. Fremtiioho 
QeoditiMkmlaititatM. KmFolgt. No. U. 
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mibstitute a difftirent frustrum for a fruatrum of the supposed 
shell, such that the normal attraction still remains uoiform, it is 
clear that the substituted frustrum must contribute the same 
aniuuiit to the wliole normal attraction at any given distance (6) 
from it that the frustrum of the original shell did. So if we 
substitute another differently constituted but similarly shaped 
frustrum elsewhere, and the nonna.1 attraction continues uniform, 
it must contribute the same amount of attraction at any given 
distance (6) that the frustrum of the ori^nal uniform shell did. 

Hence these two frustra, though differing from one another, 
have the same effect on the normal attraction as frustra of the 
'supposed aniform shell, and therefore the same as one another. 

Consider a sector of a shell of sectorial angle a whose^apez is 
A, and let it subtend at the centre an angle H 
Let its thiekneBB be d and its density t^, and a 
the radius of the sphere. Let it be assumed, 
as we shall hereafter nrave, that under certain 
conditions the vertical attraction of the sector 
at A can be expanded in a converging series of 
the form 



Let this be overlapped by another sector of 
thickness and density Xg. Then the vertical 
attraction at A of the composite sector will be 




aa 



and in like manner if there is any nu ruber m of overlapping 
sectors, their vertical attraction at ^4 will be expressed by 



aa 



Now BOppose another composite sector with p layers ti\ t^^ kt, 
of denailies r/» Ti , fee, $ and a remaining the sanie. Then its 
vertical attraction ait A will be 

If now we sappose that the vertical attractions at A of these 



two 



oa 



" { V' (5)/. + 2,t' QV, (0) + &C.} , 
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acd therefore, 

This will be satisfied to the order of approximation of 

independently of the value of 0^ if 

It follows that two e^oal sectors, whose deoaties and thick- 
nesseB satiaQr these conditions, will to the degree of approximatioo 
named produce the same vertical attraction ujpon particles at their 
apices, independently of the value of isi independenUv of the 
length of the sector. If a shorter length of them has the ssme 
property, so will their difference. Hence the remaining frnstn 
will have the like property. Now since a and B may have tnj 
values^ neither of them being involved in the above equations^it 
appears that» subject to the above proviso, we may make the psir 
of frustra of any shape we please and of any sise* and place them 
at the same distance $ from A. Consequently two irustra similar 
and equal to one another in form at the surface, the layers of which 
fulfil the above conditions, in regard to densities and thickneBaai 
will produce equal vertical attraction the one to the other at any 
point on the surfikce of the sphere equidistant from each of them, 
and will therefore be suitable to constitute parts of a sphericil 
shell whose attraction is uniform over the whole sphere. 

We will now shew that the vertical attraction can be expressed 
in a converging series of the above form, provided that the thidi' 

ne68 i ot the shell is less than tlie chord, 2a sin ^ , of the sector. 

The vertical attraction of the sector at A will be 

Let - «• iL and let cos 

Then dr — adu, and d/* — — sin 6dd, 



Digitized by Google 



hefuaih continenti and oceans compared. 109 
The integral now becomes 

ft 

- Toa 



The iotegial becomes 



A ( « - 2 sin« ^ 



But 



3" — 2 sin* f 



a? — 2 si?r ? 



Aod this can be expanded in a series of ascending powers of 

m 

which when taken between the limits will give ascending powers of 

2a sin J 

and the series will be convergent when I is les^i than 2asin = . 

2 
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Hence expandiug, integrating, and taking the limits, the 
vertical attraction at A can be expressed in a series of the foroi 



9 

which Will be coiivergcDt when t is less than 2a am 5, when it 

is less than the chord of the sector. 

The limitation as regards convergence requires that the 
4if^Ti4*^ from the frustra of the places at which we are com- 
paring the vertical attraction of two similarly-shaped frustim 
should be g[reater thaD the thickness of either of them. But since 
the dimensioQs of continents and oceans are lam when compared 
with the depths which we propose to consider, this limitation wiD 
not be important. 

Carrying the approximation to the (n — l)th powers of 

and eliminatiDg a and transposing, we have the n — 1 equations 

2„(t«) -S,(t'0 =0. 
2,(Tt») -2,(t'«'') -0, 

If we assume the sum of the densities to be equal to some 
unknown number 6, with that addition the equations maj be 
written in the general formf 

Ti +T, 4- T, + ... +T„ =6, X C„_|, 

T|ti -k-T^i +T,t, +...-|-Tntn = 0, X C|^^, 

* • • • 

• • • • 

tA**"* + tA»*-» + tW^' + ... -f tM^' « 0, X 1. 

•In (mot. /iW=l+«n|. 

64tta*2 

t 8m Todbnnter'a TJUoiy of RqmatiaHt, Art. 390. 
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Multiply these equations by c»_i, Cn-a. c,, 1, where 

c«-i, c„^q Ci, are arbitrary constants to be dt temuncd by 

the condition that when the erjuationa so multiplied are added 
together as tbey stand, the n— i columns after the first shall 
vaaish, but not so the first. 

Then we shall have 

T. + C,«,--« + . . . + C^tt + Cn-x) = 0, 

• • • • 
■ • • • 

• • • • 

It appears therefore that the substitutioD of t^, 4* ^cc^ ^ f*di' ^ 
causes 

to vanish. Hence this latter expression is by the theory of 
equations equal to the produet 

whilst it is also equal to C||^i6. Also 

e^^»i-l)r^t^...t^. 

Hence 

Similarly, by assuming another series of arbitrary factors 
di, df, dn-it 8ucb that the sum of every column ezoept that 
oontaining <b vanishes* we can prove that 

aad so on. 

Consequently we have the n — 1 equations, 

TA(li-t)(«,-«...tt-U 
-TAtt-<i)(<. -«...(«,-<«) 

&C. &C. 

-rA(«»-.«(<..-tt...(t-|^,). 

each of these prcxiucts being equal to (— l)^~\tf» tub* 



Consider the equal products 

TAtt-«,)ft-<,)tt-«...Ac. (n 

^rMt^-ti)(t,-t,){t,'-Q ...&}c (2), 

- tA (t, - (i, - i.) (t, - . . . &c (3), 

-TA«i-«,)(l«-<.)(l.-<i)...&a (4)l 
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These being equal, if one of them vanishes, they must all 
vanish. Hence if = tj, they must all vanish, because (1) does «). 
Now U = ti caiisps (2) to vanish as well as (1 ) but none of the rest. 
Hence f., must ik ( essitate some further relation among the is 
which will cause the remaining products to vanish. 

If Ac, 

each product will contain a vanishing fector, and thtiy will ^dl 
vanish. Hence if two layers are equal, the conditions of the 
problem will be satisfied by their being all equal, which would iu 
effect reduce the shell to a single layer. 

But the conditions might also be satisfied if the t*% with odd 
SEaffixee are equal to those with even. Thus 

ti^t% causes (I) and (2) to vanish, 
U^U cauaes (3) and (4) to vaoish, 

and 80 on. 

And if the €% with odd suffixes are in one of the frustra^ and 
those with the even in the o^er (for making r, and t« negative 
will cause no difference in the demonstration), this implies thst 
the layers in the two frustra are of equal thickness. Henoe if two 
layers ty and U are equal, the conditions will he satisfied if all the 
corresponding layers in the two frustra are of equal thickneaa 
In this case it is clear that the nnmher of layers in the two frustra 
must be the same, and in no other way than these two can the 
conditions be fulfilled, when a layer in one frustnim is equal to 
one in the other. 

Next consider the products (8) and (4), and divide out the 
common fiustor •* Now make ^ » l« and we have the two 
sides of the resulting equation identical except the density fiMStoia 
These must therefore be equal or r, r^. This shows that two 
lavers in two frustra being of equal thickness, they must also be 
of equal density. 

Thus we arrive at the remarkable result that if under the 
conditions of the problem the layers in two frustra are equal in 
thickness, each to each, they will also be equal in density; and all 
the other corresponding layers in like manner will be equal each 
to each in thickness and in density. 

Since in the case of the earth, the upper layer in the laod 
being of rock, differs in density from the upper layer on the side of 
the ocean, which is water, it follows that all the other layen 
on the side of the land must differ from thoee on the side of the 
ocean in thickness and density. 

We see then that if at an early stage of the world's history it 
was covered by an ocean of uniform aepth, the globe which the 
ocean covered must have oonsisted of concentric layers each of 
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uuifurm thickness and density. This would lead us to think 
til at the stable rondition must at some time have been forcibly 
disturbed, as it would have been accordincf to my hypothesis that 
the oceanic areas were produced by the disruption of a portion of 
the earth's crust, which flew off to make the moon*. But this is 
a digression. 

Let us now suppose that the crust of the earth on the land 
side consists of two layers of thicknesses Ci and c^, and densities 

and and that beneath them there ia a substratum of 
unknown depth and of density a. 

On the side of the ocean let B be the depth of the water at any 
place, fx Its density, and suppose the solid cnist at that place to 
consist of two layers of tlucknesses ifc, and k^, and densities f>i^nd 
p,, and buppuse the density of the substratuni there to be <r', and 
let us take into consideration the state of adairja down to a depth d 
measured from the surface. 



This ifl a generalisEatioB ; for when oonndered throaghoufe its 
whole thickness at any place, the crust must be either of uniform 
mean density, or else it must be on the average more dense in 
the upper than in the lower portion, or vice vered, and the upper 
or lower portion may be the thicker or thinner of the twa It 
will appear that our formulae enable us to discover what the 
lelations as to density and thickness are. 

Then if im{rt) refers to the ocean side, and ^Art') to the land 
side, and if this arrangement of thicknesses and densities approxi- 
mately represents the case of nature, they must satisfy the equations 
on p. 110, vis. 

• 2«(T<)-2,(Tn 

&C. — 6oC. 

Taking account of the overlapping of the t*a, it will be seen 
that on the aide of the ocean 

^ •■n, pb-T,+T„ ^«Ti+Tt + Tt, /*— T, + T, + Tt + T4. 

Also ti=dy <, = 5 + ^,+Ar2, t, = B + ki, t, = B. 
Hence T4 = /A~p,, u^px-p.,, T,«p,-a"', Ti-o-', 
and similarly on the side of the land. 

« AToltuv, Vol. szv. p. S43. 1SS9. 
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Aooordingly the eqiuiti<m 

becomes 

And tranflpoeiDg, 

+ (<r'-<r)(i + (<^-^)c, + (<r-^(Ci + c,) = 0. 

The equations being now carried to the fifth power of t, terms 
of the order of (t/a/ are retained, which will give a dose approxi- 
mation. 

Compaiing the aboye equation with -the general fonnnlae 

the equations 

by substituting the proper values for the t'B and t s, give the five 
equations 

0»-pO«(-*i)(-fe-«^(«-d)(a-ok)(«-ek-iib) (1) 

(a + it - c) (a + - - c) . . .(2) 

- - cr' ) ( a + Jfek + is^) (ifei + ifc.) ifei ( a + lib - ti) 

- - cr)<i(d - a) (rf- a- Av)(<i - a - A?, - 

- (♦» - *i) - a)(c, - a - A;,)(<H - a - A;, - A:,)(o, - Pi) . . .(6) 

- (^r - (ci + (<H + «i - a) {«H + lib - a - Ai) 

(ci + 0. - a A^ - 1^) eb - <o Ob. * .(ax 

Of the thicknesses here involved, d exceeds all the others on 
either side. Of the rest it is easy to see which factors are positive 
and which negative when the thicknesses are on the same side; 
but when they are on different sides, as for instance B and Ci, the 
signs of the factors are not self-evident. The density factor (fi—p^ 
is negative, because the density of water is less than that of any 
kind of rock: and we may s^afelj^ assume that the density of the 
upper layer of the land consisting chiefly of sedimentary rocks, 
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is less than that of the lower, consisting of plutonic rocks. Hence 
4>i) ^ positive. So also the density of the substratum 
binng greater than that of the crust, (a - ^) will be positive. 

HoDoe, changing the signs of all factors whieh aie evidently 
negative into ponltv^ and in (5) changing provisionally (d — $) 
into (S— piX to make it agree with (1), we shall have changed the 
signs of an odd number of factors in each eicept in (4), viz. in 
(1) five, in (2) three, in (3) three, in (5) five, in (6) one. All 
tbe fiieton in (4) are obviously positive eicept the density fiu$tor 
(^^a}. We are therefore obliged to change it provisionally into 
(a tf'X 'Hien since the several products, being equal, had the 
sMne sign originally, they will all have the same sign now as one 
another; ud what that si&^n will be will depend upcm the sign of 
(S— Ci) which we must seeK to discover. 

Our five equations will now be 

(f>i-h)^^Ak, + k,){d^B){B-(H)(c-¥c,-8) (1) 

(5 + ^l + A;, - c,) (c + c, ^ 3 - - A:,) . . .(3) 

- (<r - a") d ((< - (d - a - A^) - - Ah - 1^ 

(rf-ei)(rf-C-0i)...(4) 

-(<^-*i)cx(S-c,)(a-C + ^'i)(5-Ci + Ar, + A^)((i-c)c, ...(5) 

= (<r-^(<?i + c,)(Ci + C|- S)(c, + c,-8- A^) 

(Ci + Oi - a - Ah - A:^) W - <H - <?i) . (6). 
In order to determine the sini of (a— c,), that is whether the 
depth of the ocean or the thidinesB of the ufmer layer of the 
continental crust is the greater, consider the products (1) and (5), 
and we have the equation 

(p, — A*) 5 (rf ~ 8) (5 - C|) (c, + c, - B)ki (^1 4- k^) 

- *i) -Cj)((i- c,)(Ci +c,-c,)(Ai + a-Oi)(A:, + Ar,+ S -C|), 

and each side of this equation must have the same si^ It is 
obvious that the factor (S — Ci) will not affect the question. We 
therefore divide it out, and it remains to find the relative magni- 
tude of a and 01, such that 

(p, - m) S(d - a)(ci + c - 5) (Atj + Ah) 

may have the same sign as 

- ^i) Oi (<i +iH - + « - ch)(Ah -f Ah + a -c). 
Write a and fi for the fiuitoiB which do not involve and k^, 
and we have 

«^(AH + ^)-/3(AH-i-a-(H)(AH + A:, + a-<H) (A), 



Digitized by Google 



lie Mr Atfttfr, DmmUeB of tk$ SairtKB Orud 

where a - (/h - m) ^ - ^) «• - ^) 

suppose, 

and /8 = (*i-<^i)c,(^-p,)(Ci + c,-cO 

Equation (A) gives a quadratic in (B - Cj) with the result 

It is evident that a is positive unless 5 is greater than Ci + c,, 
that is than the whole thickness of the continental crust, which is 
out of the question, and is clearly positive. Hence if we adopt 
the negative sign of the root we have 

.*. Ci > ^ + +fct, 

which would make the upper layer of the continental crust greater 
than the depth of the ocean and the whole thickness of the sub- 
oceanic crust taken together. If there are to be two layers on the 
side of the Innd, the upper layer cannot be so thick as this. Henoe 
we neoii n it repird the negative sign of the root, and then S — Ci 
is positive or negative as 




or as jg >< 1 ; that is, aa 

Now h bping the depth of the ocean varies from place to place, 
but it is capable of measurement; while c,, the thickness of the 
upper layer of the continental crust, may be considered constani, 
but caiiuot be uita^jured. It must therefore be estimated with 
reference to some assumed value of S. If then we can show that 
8 — Ci is positive, i.e. that d < 8, for some given value of 8, it will 
be leas than S for all larger values of 8, provided they do not 
nearly approach Ci + Cs. which we have assumed with evident good 
reason to oe greater than B. 
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We have proved that 2 — ei is positiTe, if 

To dieoover under what conditions this is ihi rase, we must 
assume some probable values as a working hypothesis. ^ being 
the density of some kind of rock, and /* Uie density of water, we 
may put pi — s 1^ If then we assume a — S, for the density of 
the substratum under the land, and 0*2 as the difference between 
(he densities of the two layers of the continental crust, we have 

<p, - <f>, 0-2 • 

Let us also assume the entire thickness, Ci + c,, of the conti- 
nental crust to be 25 miles, and let us consider the state of affairs 
to the depth of 100 miles, so that d « 100. 

Then tracing the cnrve 

/(a?) -«r(«6 - x) (100 - «), 

we observe that it cuts the axis of a at the ongin, and at a;=s 25, 
sod « = 100, 

/(«) is a maximum when 11*62, 

sikI the value of the function then becomes 13741. If we now 
seek the value of « which makes 8 f{x) to have the same value as 
the maximum value of /{m), i^* to solve the equation 

8/(dr)- 18741, 

or a* - 125a:« + 2500a; - 1717 = 0, 

we find that 0"5 substituted for x gives a negative result, while 1 
gives a positive, which shows that a root lies between 0 5 and 1. 

Hence S f(d) is greater than the greatest value of / (Cj) 
when 5 has h value somewhere between a halt and one mile. 
Therefore B is certainly greater t\v\n if 5 = 1 mile, which is 
very much less than the mean depth of the ocean. We may there- 
fore safely assume 6 — Ci as positive for all values of 6 with whinh 
we are coiicerDed, and for which the conditions of the problem 
are fulfilled. 

We say advisedly "for which the conditions of the problem are 
iuitillt-(i," because our dernoustratien <issumes that the continental 
and oceanic areas are abruptly separated, whereus in nature tliey 
merge into one another, because there is an area of depo8iti()n 
fringing the coasts which is neither oceanic nor continental ; over 
these areas our formulae will not ap])ly,and indeed there is reason 
to think that there the assumption of the equality of gravity is not 
warranted, because in crossingc the Atlantic Hecker observed that 
gravity was slightly in excess as the laud was approached; and the 
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deflection of the plumb-line seawards in geodetic surveys points to 

the same conclusion. 

Having decided that (5 — Cj) must be positive, aU the dve 
equal prodncts must be positive. 

Hence, by examining these successively, we see that 

from (1)» pi>l^ and 3>^, 

from (2), fh>p% and c + 6b>S+ib^, 

from (3), a > pt and Ci+c,>5 + M + A;„ 

from (4), €r>a\ 

from (5), ^>^and B-^ki>ei, 

from (6), 4r >4>i' 

The original assumptions were, that the density of the ocean 
is less than that of rock, that the density of the upper layer of 
the continental crust is less than that of the lower layer, and that 
the density of the substratum of the continental crust is greater 
than that of the lower layer. The results we have obtained are, 
(1) that the thickness ui the upper layer of the continental crust 
is less than the depth of the ocean at any place where gravity has 
its average value. From (2) that the density of the upper layer 
of the suboceanic crust is greater than that of the lower layer, and 
since from (5) we see that ki is less than (B — c,) we gather that 
this dense upper layer must be very thin. From (3) we learn that 
the total thickness (c^ + Cs) of the continental crust is greater than 
the depth of the ocean and the thicknen of the suboceanic crust 
together, viz. than (B + k^-^k^). From (4) we learn that a is 
greater ^an a\ i.e. that the density of the anhstratum heneath the 
continent is ^^reater than that beneath the ocean. 

The beanng of these leeultB upon questions of geology appeals 
to be, that, assuming a liquid substratum beneath the crust of 
the earth, the solid crust is thinner beneath the oceans than 
beneath the land, but is at the same time more denae. The 
substratum being thus less dense beneath the suboceanic cmst 
will be affected by upward convection cuiienta* which must neoee- 
sarily flow horizontally towards the continents, and descend there. 
The continental crust dips more deeply into the substratum, and 
consequently these horizontal currents, impinging on it» will tend 
to compress it, and cause corrugations in it. The upper layer of 
the suboceanic crust, being very thin and very dense, probably 
consists of basic lava flows from suboceanic Tolcaaoes, which by 
oxidation would prtxluce the red clav covering the abysmal anaa 
The upper layer of the continental crust is thinner than tlie 
depth of the true ocean, and of small dendtj, which would agree 
with its sedimentary origin. 
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The ('hlorination of Methyl derivatives of Pyridine. Part I : 
^Methyl PyridiM, By W. J. Sell, M.A.. F.KS., Christ's College. 

l^ead 14 November 1904. J 

Prelimmary experiments having shown that 2-methyl pyridine 
blackens when chlorine is pjissed into it ;iiui that a similar result 
attends all attempts at chlorination by hk m^uf phosphorus penta- 
chloride. recourse was had to the methoti found successful in the 
case of pyridine, viz. the direct cLlorination of the 2-methyl 
pyridine hydrochloride saturated with hydrochloric acid. This 

Eroduct remains liquid at the ordinary temperature of the 
fcboratorv. The work of Kamsay (Phil. Mag. [5] 2, 1876, ii) led 
him to we dmeliuioiL that piooline hydrochloride was not acted 
upon by chlorine even when neated with it The author's results 
oomfiim this at the ordinary temperature, but show that at about 
100^105^ C. rafud replacement of hydrogen takes place and a 
number of chlorinated products are produced. After complete 
chlorination the still liquid products were cooled by ice and a 
current of aar passed through for some hours when a large 
emtalline precipitate was produced. This precipitate was drained 
off from the li<)uid products and recrystalused from spirit The 

3 ratals are prismatic, freely loluble in alcohol and most organic 
▼ents, but insoluble in water. They constitute rather over 
52 per cent of the 2-methyl nyridine taken, and so &r are the 
only solid product of the cnange. Analysis shows that the 
formula G^IiCUN should be assigned to this body. The sub* 
stance melts at 102 — 103° C. and is isomeric with a compound 
CP. 60 obtained by Ost {J. Pr. Ghem. [2] 27, 267) by the inter- 
action of phosphorus pentachloride on comenamic nci l In ad- 
dition to the compound mentioned above there is a liauid product 
consisting of compounds less highly chlorinated, tne work on 
which although advanced is still incomplete. 

It is worthy of remark that there is a total absence of the 
dipyridyl derivative which constituted such a large proportion of 
the products in the chlorination of pyridine hydrochloride (Trans. 
Chem. Soc. 1899, 75, 979; 1901, 79, 899). The solid compound 
mentioned above, m.p. 102 — 108°, heated with eighty per cent, 
eulphuric acid, gives a nearly quantitative yield of trichlorpicolinic 
acid CjHClsNCOOH, showing that three of the six atoms of 
chlorine in the original compound belong to the side-chain. This 

VOL, Xm* IT* II. 9 
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trichlorpicolinic acid when distilled with glycerol breaks down, 
producing carbon dioxide and a trichlorpyndine, melting at 7S 
— ^73°, produced not only by the direct chlorination of pyridine, 
but also by the action of phosphorus pentachloride on that aab* 
stance (Tram, Chmn. 800. 1898, 73, 442). 

Fnm the highly banc and other properties of this trichlor- 
pyridine it was suspected that the chlorine atoms in the molecule 
ooeapied the positions 3, 4, 5, and the eiperimental ▼erifieation of 
this aonnise was carried oat as folbwa: 

^ We may take for oompariaon the substance S-amino 8» 4^ S 
triehlorpyridine whoee formula may be thus depicted (IVxnw. Ckim^ 
800. 1899, 75, 980; 1900, 77, 771): 



CI 



01 



'V 



This compound should also be obtainable from the trichUir? 

picolinic acid mentioned above by first converting it into its amide, 
and then by the " Hofmann reaction " into amino-tnchlorpyridine. 
These reactions were carefully carried out and resulted in a 
substance identical with the compound whose graphic formula 
is above depicted. We nia\, therefore, formulate the three 
substances which are the subject of this paper as follows: 
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Bo the y rays carry a charge of negaUve electricity t By 
J. J. THaifBON, ILA., F.R.&, OaTendish Professor of Experimental 
Fbysica 

[Sead 30 Januarj 1905.] 

As the refsnlt of a series of interesting experiments Pa.^chen 
{Phystkalische Zehtschrift, V. p. 563) came to the conclusion that 
the 7 rays emitted by radium are, like the ^ rays, charged with 
negative electricity. Paschen's ex pfriin* nts iirt of two types; in 
the firet type the ra(ilum is placed mside an insulated box made of 
thick lead, the lead Lring thick enough U) absorb all the rays, 
but not so thick a^j to stop more than a fraction of the 7 rays. 
Under these circumstances the insulated box gets charged up with 
positive electricity; this Paschen regards as proving that the 7 rays 
which have passed through the lead havu carried with them 
charges of negative electricity, leaving an excess of positive behind. 
The positive charge on tfje box may, however, be explained in 
another way ; we know that when 7 rays enter or leave a piece of 
metal secondary ia\s are produced which like the jS rays carry 
with them a charge of ntgative electricity, thus the negative 
electricity which escapes from the box may be carried by the 
secondary and not by the 7 ravs. The experiment in this form is 
inoonclusive : to make it conclusive it would be necessaiy to place 
the lead box in a magnetic field strong enoueh to prevent the 
natively electrified particles from leaving the dox ; if the 7 rays 
cany the chaige the magnetic field would not diminish the 
positive chaige on the box, as they are not afiected by magnetic 
me; if the secondary rays carry the chaige the magnetic field 
would stop the charging iip of the box. 

In the second tvpe of raschen's experiments an insulated piece 
of metal was bombanied by 7 rays, and the metal was found to 
scquirs a charge of negative electricity. Here a^^ain the result 
aeems ineondusive, for to prevent the chaive foaking^ firom a 
chsiged body exposed to radium the body must oe placed in a good 
vacuum : thus the metal in Paschen s experiments nad to be placed 
in a vessel from which the air could be exhausted ; now the walls 
of the vessel are struck by the 7 rays and emit secondary radiation 
which carries a charge of ne^tive electricity, thus the negative 
electrification may again be due to seconds^ radiation and not 
diiectly to the 7 lays. 
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To test whether the aecondary rays are or aie not the sooroe 
of the electrification observed in Paachen'B experimenta I tried tlie 
experiment repieaented in the figure. 




A and B are two cylindera equal in all dimennonflt made of 
thin braas, but while A is hollow, B w filled with lead. These 
cylinders, which are in electrical connection, are supported on an 
insulating rod of fused quartz and placed in a symmetrical positioii 
inside a Utfge glass bulb coated with tin-foil. A gold-leaf electro- 
scope was attached to the middle of the cylinder A, The radium 
(30 mg. of radium bromide) was outside the glass vessel, it was 
placed far back in a cylindrical cavity drilled in a lead cylinder, 
the opening of the cavity was closed by a plate of lead 2 mm. tAdxk 
to absorb the raya This arrangement gave a pencil of y rays 



Digitized by Google 



qJ negative electricUy 1 • 



128 



parallel to the axis of the lead cylinder, this cylinder was placed on 
a leveilkig table aod adjusted so that by alteriDg the level of the 
table the peocil of 7 rays could be directed aloug tire axis of either 
A or B. The vessel containing the cylioders was exhausted to 
a very high vacuum by Dewar'a method of absorption by carbon 
cooled with liquid air. 

The cylinders were charged (1) positively, (2) negatively, and 
'M'l: rates of leak observed in these cases when the 7 rays pasi^ed (a) 
through the hollow cylinder, through the cylinder tilled with lead. 
The leak was small, so that it was necessary to take observations 
Ofer a considerable time ; from 6 to 30 hours was the time taken m 
the actual expennieuta. In this experiment there are two sources 
of leak, (1) tne leak along the quartz support, (2) the leak du^ 
to the cbaivee carried by the 7 and secondary rays. If is the 
Ink when £e cylinders are charged positively, 2, that when they 
iie chaigod negatively, then the leak aloDg the support is ^(d + 2^ 
and that due to the my% Now let us eoniito how 

the leak should differ aoooraing as the y rays pass through the 
boUow ^linder or the one filled with leiuL If the chams aie 
carried by the 7 rays, then aince these are abaorhed by the lead 
cylinder and not by the hollow one, the leak due to the rays 

~~ ^) should be numerically greater when the ravs pass through 
the lead cylinder than through the hollow one ; while if the leak 
is due to aecondaiy radiation^ the leak due to the raya ought to be 
greater when the raya paaaed through the hollow cylinder than 
through the lead one, for the rays give rise to aecondary radiation 
when they come out of the hoUow cylinder as well as when they 
go in, while since the raya are absorbed by the lead there is no 
secondaiT radiation at emetgence from the solid cylinder. Now 
it was found in every caae that the leak due to the rays was 
greater when the rays passed through the hollow than when they 
passed through the soud oylinder, and also that the sign of the 
leak corresponded to the escape of ntgaitive electricity from the 
cylinder : each of the condnaiona is conaiatent with the view that 
the effects are due to aecondary radiation, and inconsistent with the 
fiew that the <y raya cany a cfaaige of negative electricity. 
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On the abeenee of excited radM^ttvitv dm to temporary 
e^rposure to y rays. By J. J. THOMSON, MX, FJLS^ Cftvendi^ 
FrofesBor of Experimental Phynca. 

[Mead 30 January ld05.] 

Experiments were made to see if the radiation given out bv 
metals could be temporarily increased by exposure to the radia- 
tion from radium. The method used was to measure the saturation 
current inside a closed metallic vessel, then to place a sealed glass 
tube containing 30 mg. of radium bromide inside the vessel and 
leave it there for times varying from one hour to ten days ; the 
radium was then removed and as soon as possible aflerwaids the 
saturation leak again measured; experiments were made with 
vessels made of lead» brass, tin, but no increase in the saturatioii 
current attributable to eiqposure to the radium was ever detected. 
The measurement of the saturation current took at least five 
minutes after the removal of the radium, so that a v^ short-lived 
increase might escape detection by this method, liiis point la 
dealt with in the following paper by Ftofessor Bumstead. 
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On the abaenee of wetted radio-<ictimty dime to tmpnTonry 
exposure to y raye. By Professor H. A. BuMSnULD. (CommaDi* 
eated by Ftokmcit J. J. Thomson.) 

lUead 30 January ld05.J 

The followmg experiiaeiits form a contiuuation of the investi- 
gation described in the preceding paper by Professor J. J. Thomson, 
and were undertaken at his auggestion. Their object was to 
ascertain whether certain metals, after removal from exposure to 
the and 7 rays of radium, continue to ^ive out secondary rays 
for a very short time — a time too short for the effect to be detected 
in Fnifub^ior Thomson's experinjents. For this purpose a hori- 
zontal copper disc 18 cm. in diameter was mounted so that it 
could be rotated about a vertical axis at various speeds by a small 
motor. Above the disc, at one side, was a cylindrical tin vessel, 
6*5 cm. in diameter and 12*5 cm. high, provided with a central 
rod, insulated by sulphur and protected bv an earthed guard tube 
in the usual mauuer. The vessel could be charged to various 
potentiab by means of a battery of Bmall storage cells, and the 
central rod was eonnected to one of C. T. R. Wilson's tilted elec- 
troecopes which served to measure the ionization carrent in the 
^tinder In the bottom of the cylinder was a hole, 5*5 cm. in 
<uameter, which was covered with aluminium leaf 0*00005 em. 
thick ; this window was 0*7 cm. above the rotating disa Above a 
point on the disc whose angular distance from ute centre of the 
testing vessel was about 120** was supported a sealed tube of thin 
glass containing 30 milligrams of pure radium bromide; the 
ladium was 10*5 cm. above the disc, and was surrounded by a 
boUow lead cylinder whose walls were 5*5 cm. thick. The bottom 
of this lead cylinder was 2*5 cm. above the rotating disc; its 
internal diameter was 5 cm., so that the part of the disc exposed 
to the ladium rays had a greater area than the aluminium window 
in the testing vessel. The total height of the lead cylinder was 
19 cm. 

Notwithstanding the 5*5 cm. of lead between the radium and 
the testing vessel the 7 rays which got through the lead and the 
secondary rays due to them were sufficiently intense to make the 
current in the testing vessel (with the disc at rest) about 60 times 
that due to the "spontaneous" ionization of the air. In order 
therefore to make the test one of any delicacy it became necessary 
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to oompemate Ibr this laige leak To aooomplith ihiSk a soooimI 
teeting cylinder of the BMiie dimenaioikB ae the fif8t» hat irithoiit 
the window in the bottom, was mounted on a moTeable ana m 
each a way that it was (like the fint) exposed to the lajra whidi 
oame through the lead cylinder, bat waa aereened fiom the diacL 
Ita oential rod was oonneoted to the central rod of the first testing 
cylinder (and thus to the gold leaf) by means of a wire dipping 
into a very small cup of mercury; this cup was immediiUely 
beneath the pivot about which the moveable arm supporting the 
second testing cylinder rotated, and thus the second cylmder 
could be movM closer to or further from the lead screen sarroond- 
ing the radium. When the two cylinders were charged to equal 
and opposite potentials (usually 40 volts), one could balance the 
leak in one by the opposite leak in the other, the ionization in the 
second cylinder being adjustable by moving it toward or awaj 
from the radium. It took a great deal of time to get exact com- 
pensation on account of the very slow motion of the gold leaf 
when near to a balance; but it was easy to make the resultant 
leak less than 1 per cent, of the imoompensated leak. The 
connections between the central rods of the testing cylinders and 
the electroscope were surrounded by metallic screcT^s joined to 
earth; and the rotating" disc and motor were upon a separate 
table, so that the apparatus was not disturbed by the rotation of 
the disc. 

The ordinary course of the observations was to g^et nn approxi- 
mate balance with disc at rest, allowing the cylindt-r which was 
exposed to the disc to preponderate slightly. The potential 
acquired by the central rods and gold leaf in 10 nimutes was 
measured by observing the deflection of the gold leai with a 
micrometer microscope, and immediately thereafter producing the 
game deflection by means of a potentiometer. In this way varia- 
tions in the sensitiveness and zero point of the electroscope were 
eliminated. A series of such observations was taken with the diac 
alternately at rest and in motion, and the results compared. 

A considerable number of measurements were taken m this 
way, witli the copper disc bare, and also when it was covered with 
tin- foil, lead-foil, and with blotting-paper which had been soaked 
in a solution of uranium nitrate and dried. The disc was rotated 
at two different speeds; with the slower speed, the disc made 
approximately 150 leTolutions per minute, so that the interval 
between the esposure to the rays and the peonage under the testing 

Slinder was about ^ of a second. It was diflioalt to detennine 
e hij[her speed, since the application of the counter apprsciabfy 
diminished tke Telocity of rotation. It was howoTer greater tban 
2200 reyolutions per minute, so that the time interval in tbia osas 
was less tban 0O09 seconds. With none of the materials tried* 
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and at neither Bpeed, was there any certain indication that the 
ionintion in the fixat cylinder was greater when the disc was in 
motion than when it waa at reat A iaiae positive reaalt was 
sometimea obtained owinff to the alumininm leu beooming slightly 
torn near the edge of the window, and allowiD|^ ionis^ atr to 
enter firom oataide, a greater Quantity when the air waa in motion 
than when it was at rest. This difficulty, however, was easily 
oveicome by care in making the window A second difficulty waa 
that the rotation of the diac» notwithstanding its independent 
support, had a tendency to disturb the balance slightly, probably 
by eauaing a alight motion of the compensating cylinder. Thia 
eflfoct however usually persisted when the next obeerration was 
taken with the disc at rest, as will be seen from some readinga 
which are given below as eiamples. The results quoted are a 
fair sample of the meaeiirementa which were taken under favour- 
able conditions; there were many others which were vitiated by 
disturbing causes of one sort or another. The numbera give the 
potential in volts aoqnned by the gold leaf in 10 minutes. 
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Lead. High speed. 



(1) 

(2) — 

(3) 0-22 — 

(4) — 0-35 

(5) 0-35 — 

Tin. High speed. 

Diac at rest DiBO m motion 

(1) Q15 - 

(2) — Oil 

(3) 010 — 

Some compansoiiH wil! servo to give an idea of the delicacv < f 
the test represented by these nurnbcn?. When the radiiini was 
absent aud both vesBels charged alike, the leak due to " spon- 
taneous" ionization was 0 87 volts in 10 minutes With the 
radium in place and the compensating cylinder disconnected, the 
leak in the other cylinder due to the rays which had pen fjtnited 
6 5 cm. of lead was at the rate of 42* volts in 10 minutes. Wiih 
the radium in place and the two cyhnders balanced, 0'25O gram^ 
of potaRsnnn uranium sulphate were ispr*^ad as uniformly as possible 
over a circle of the sanie diameter a.s the aluu^miuni window auu 
placed on the disc immediately below^ the window. This gave a 
leak of 1'82 volts in 10 minutes. Thus a distribution of uranium 
salt, over the disc, whose surface-density was 1 milligram per 
stjuare centimetre would give a leak under the experimeutal con- 
ditions of 0'17 volts in 10 minutes; and the results quoted above 
show clearly that the diflereDce between the effects with the disc 
at rest and in motion is much less than this. 

With the four substances tested therefore the result is nega- 
tive. If they retain the pow^*-r of giving out any rays capable of 
penetrating 6'7 cm. of air aud 0 00005 cm. of aluminium, for 0 009 
seconds after expoJ?ure to the and y rays from 30 railligrams oi 
radium, these rays must be considerably less intense than those 
due to a layer of uranium salt whose surface-density is 1 milli- 
gram per square centimetre. 

In conclusion, I wish to thank ProfeaBor Thomson for the 
privilege of working in the Cavendish Laboiatoij, and for many 
▼aluable auggeations during the coune of theae ezperimenta. 
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Note on some Physical Fropertiet of Sodium Vapour, By 
P. V. Bbvan, M.A.» Trinity Ck>li^ 

[BBod 1 May 1905.] 

In the Philosophical Magaiine, Vol. iii. 1902, Professor R. W. 
Wotxl described some exceedingly interesting experiments with 
::^odiuin vapour in which he was able to observe and measure the 
anonialous dispersion of the vapour of this metal. In his paper 
lie describes tfie formation of a eurious cloud of sodium vapour, 
acd m a later paper, Phil. Mag. 1004, Vol. vill. p. 29(). he sUites 
** the vapour of sodium appears to possess a cohesiun almost as 
^eat as that of a liquid. Even in a vacuum tube it appears to 
nave a free surface." This behaviour of a vapour was so extra- 
ordinarj that it seemed worth while to see under what conditions 
this phenomenon took place, and the experiments to be described 
in tbia note were made with this purpose. 

It is a Teiy simple matter to observe this doud. All that is 
necessary is to beat a pieoe of metallic sodium in a tube or bulb 
that is partially exhausted, or that contains hydrogen, and observe 
through the tube an orcUnary bunsen flame which is coloured 
jellow b^ sodium. The sodium vapour given off absorbs the 
sodium light and the doud is easily visible. 

The &aad possesses in general a veiy sharply defined boundary 
across wbkdi <nffttsion of wdium vapour does not appear to take 
place. The first point investigated was to decide whether this 
doud had its dennite boundary in vacuo. It was found that a 
cMsiderable pressure of gas was necessary for the cloud to possess 
this definite boundaiy. If the sodium be heated in a high 
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vacuum it distils practically instantaucouiily like any other vapour. 
'I'he method adopted was to attach a bulb of hardest Jena glass to 
a mercury pump, having first placed some metallic sodium in the 
stem of the bulb ; and then after exhaustion to melt the sodiam 
and shake a small globule into the bulb. After this intioduction 
of flodinm into the balb it was necessary to a^n exhaust with 
the pump, as a ffood deal of hydrogen was given off from the 
sodium and also mm the action of sodium on sodium hydroxide 
which is always present with the ori^rinal sodium. If a good 
vacuum was produced and then the sodium in the bulb heated no 
definite cloua could be observed, but the sodium distilled at once 
and settled on the cooler parts of the bulb. The distillation is in 
fact so easy that the somum can in a few minutes be distilled 
from the stem into the bulb almost completely. It thus app^m 
that Ml vacuo the sodium vapour behaves as regards distiilation 
like any other vapour. 

It was found also that in an atmosphere of hydrogen the 
definite cloud could not be observed if the hjrdrogen were per- 
fectly dry and no sodium hydroxide were present. The absence 
of oxygen thus seems to destroy this cloud*forming property. 
At present I have not determined whether pore iry oxygen 
facilitates the formation of the cloud, but this is a point which 
I hope to decide later. If however into the bulb which has 
been dried thoroughly and exhausted, sodium be distilled, and 
then hydrogen dried with phosphorus pentoxide be admitted, 
no definite surface to the sodium vapour can be observed on 
heating. Near the heated sodium there can be seen with sodium 
light a cloud of the vapour, but this cloud pradnnlly decreases 
in density and fades into tlie region of no absorption without 
any definite boundary. In fart the sodium vapour behaves in 
this case just as iodine vapour does when a small piece of iodine is 
heated gently. 

It seems that when an ordinary piece of sodium is heated in 
vaciH) a large quantity of hydrogen is given off, some of it oc- 
cluded originally in the sodium and some of it formed by the 
action of sodium on sodium hydroxide, and this gives rise to 
an atmosphere sufficiently dense to enable the sodium vapour 
cloud to fonn. 

These experiments are very easily performed in a Jena bulb, 
and such bulbs can be used for a considerable time if they are 
well heated before the introduction of the sodium. Without this 
preliiiiiiiary healing the sodium a<.'ts on the surface of the bulb, 
owing apparently to a film of moisture on the surface, and causes 
the glass to be coated with a white non- transparent film. At 
a high temperature the glass appears to dissolve the sodium» 
forming a brown transparent glass. 
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iknotber ei^iiiiieiit wis nuule showing that aodinm vaporiioB 
in obienrable goiatitiM when just above its meltinff-point In 
the ItorMMi Ar JkitMrn Cffmmekm OmMaeMt, Sa 1, 1006. 
Knft nod Be^U showed that sodiom distilled at 140*0. 
Appaiwnlly these observers did not obtain distiUation of sodium 
vapour at a lower tempemture. It seemed worth while to try 
whether at the temperature of boiling water it would be possible 
to notice any distillation, A bulb was taken with a little sodiam 
depoflited OD its Upper part, the lower part being quite olear* 
The lower part was phwed in cold water and a jet of steam was 
played on the upper part^ After some hours a very distinct 
nloi of sodium was observed on the lower part of the bulb, 
showing tbat^ at a temperature 2* above the melting-noint of 
sodium* vnpour was formed in observable quantities. No dis- 
tillation oould be observed from sodium at the ordinaiy air 
temperature when a clear part of the bulb was placed :n liquid 
air. Sodium apparently therefore does not sublime at ordinary 
temperaturesL 
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A NvU JMocf of Mmtmnna Small I&nUationa, By NOBKAir 
B. Campbell* B.A., Trinity College. 



[Bead 1 May 1905.] 



For the measurement of spontaneous iooisations a meUiod 
has been tried and foond successful, which oomiats in balancing 



atant Tolame of air, of which the preasore oan be wied, kmiaed 
by a oonatant amount of uranium. 

The Teaael (A) in whioh the unknown ionisation ia to be 
meaaured is provided with an electrode surrounded by a guard 
ring of the usual type, and connected to a Wilson sora-leaf 
electroscope. To the same electroaoope ia connected the electrode 
of the "compensator" (B). Thia is an air-tight (^linder of brass 
with a central wire electrode inaalated from its j^ard ring by 
amber; in the cylinder is placed a packet oontainmg a suitable 
amount of uranium nitrate wrapped in thin aluminium foil 
A side tube leads to a three-way tap, the other branches of which 
lead to a water-pump and inlet tube for regulating the pressure. 

The quantity of uranium is first adjusted so that when the 
exterior of the pot in raised to a potential equal and opposite to 
that of the walls of the vessel (A) and great enough to send 
a saturation current through the air, the current is slightly 
greater than the largest ourrent which has to be measured 
through the vessel (A). 

A is then disconnected from the electroscope and the compen- 
sator standardised by observing the rate of rise of potential of the 
electrode for different pressures in the vessel. The capacity of 
B is measured by repeating one of the same observations with 
a condenser of known capacity connected in parallel with the 
electrode. Thus the relation between the pressure in the vessel 
and the current flowing through it is obtained. 

The unknown ionisation is then nneaaured by observing the 
pressure in the compensator when the sum of the currents 
flowing through A and B is zero as indicated by the absence 
of movement in the leaf of the electroscope. 

The arrangement has the following advantages over the 
ordinary methods: — 

1. After standardisation little care is needed that the insula* 
tion is good, for the potential of the electrodes never riaea i^prs- 
ciably cu>ove zero. 

2. Only one oanacity, that of the compenaator, need be 
meaaured in order that all the oorrenta may be eiprooiod ia 
abaolote unita 

d. Advantage ia taken of the great aenaitiveneaa of the 
Wilflon eleotroeoope near ita aero. Bxperienoe ahowa that obaer 
vationa may be made more rapidly, aa well aa more aooorately, 
than by the usual method. 

4. AU the benefita of null methoda in detecting email ohangei 
are obtained. 
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On th€ Reflection of Sound at a Paraboloid, Part II. By 
The Rev. H. J. Shaapx» late Fellow of St John's College, 
Cambridge. 

[MemoBd April 1905.] 

38. The present Paper is a continuation of one with the 
same title that appeared m 1899 in Vol. X. Part iii. of the Pro- 
ceedings of the Society. In it the Articles, Figures, and Equations 
will be numbered on continuously from the 1st Paper. But 
before going any farther perhaps it will be well to correct some 
Errata in the previous Paper. In Art. 3, No. 19 should be 
No. 119, In Art, 11 after ' u = 0 " add " v being finite." In Art. 
12 for the sentence "Also for a given reflector, &c." read "Also for 
a given reflector, and a given distance from 0, high sounds are 
more magnified than low ones." In Art. 13 for Ao = Btt^m^ read 
ilo«= Bo==7r~*. In Art. 17, after the words " will be proportional 
to/' instead of what follows, read 

The sentence after this can be readily corrected. 

In Art. 19 after (40) in the next line d>eie "or negative." In 
the next line after the words "large values of A are" insert 
"positive and." Towards the end of Art. afler the wonis "when 
tt = 0" insert "and v is finite." In the last two lines of Art. 24 
some correction ib required. In Art. 21, Equations (47) to (48) 
require correction. In Art. 20 in 3rd line for " large value " read 
"large values." Art. 30 requires some correction. In Art. 36 
and 80 in the results (92) and (93) I am doubtful about the results 
obtained, but I hope to exhibit a better way of evaluating the 
definite integrals involved. In Art. 37 a correction must be made, 
for which my thanks are due to Prof Larnior. 

Dele the sentence beginning ^' Here if i' is increased, &c." The 
true explanation is that a.s the progressive wave gets further and 
further along the axis, its velocity which was at first rather > a 
gradually slows down till it ultimately = a. 

89. I propose in this Paper to coDsider more fully the case of 
AmO^ but before doing so I should like to consider one or two 
ample problems, which are analogous to the whole Problem before 
08^ whatever be the value of A, and which, it seems to me, throw 
some liffht upon it. Suppose (Fig. 8) sex* an infinite cylindrical 
tnbe fiued with air, stopped at 0 and open towards a' and «. 
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Suppose a source of souod at S spread equally over the section 
Ss of the tube. Let OS ^OI'^O nd let OF^x, where F maj 
be on the right or left of S8, 

To find the motion. 



O 



P 

I 



Pio. 8. 



^> ^ be yelocity-potentuUB, and let 

^ = ooBm(a<— «+c), 

^ s oos m(at + x - c), 

ooBiii(iU— « - e), 

4« s CO! m (ol + « 4> o). 

In the part OS cp, and <^a exist and the vibration is stationary. 
In the part Sx 4>, and <p, exist and the vibration is progreonfa 
The velocity vanishes at 0 and is disoOQtinuoas at S, 

Next 5Uppoue (Fig. 9) SOa a conical tube until vertex atO ind 



8 



O 




Fn. 9. 



open at .r. Suppose a source of sound at S spread equally over 
the spherical section Ss of the tube. Let (AS = c. 
]jet ^ he velocity-potentials, and let 

^ = ^ cos m (r — at - c), 
^ooefii(r + al-cX 

Then in 08$ <^ and ^ eiist and the vibration ii statioiuiiy; 

in S^x (j>i and <^ exist and the vibration is progressiva 

The velocity vanishes at U and i& discontinuous at S, 

From both cases we see that, whether the source be nearO 
or far oflf, there will always be near 0 a region of stationwy 
vibration. 
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Now stu(i} iiig e<]uation8 (46), (50) and (51), w.^ see from (61) 
that there are two solutions of (50), which are approximately 

^*"2ir*(ilt;)*' ^^"^lAvr 

The latter corresponds to what Stokes calls (in his Paper on the 
Discontinuity of Arbitrary Constants, &c.) "the inferior function." 
The result is, that, whether there be a source in OL or nut (see 
Fig. 2), ais lung v < A, in the region so defined, the vibration 
will be nearly stntionary, This is, I think, what we would 
expect, and we may compare this with the simple cases above 
considered. 

Again in Fig. 9 suppose there is no source at S. We cuu liave 
for possible velocity-potentiai;3, 

» (ain mr sin mat)lr, » (ooa mr cos fntU)lr, 

Either lepments stationary vibration, and + /\ gives a pro- 
gressive wave from aource at 0. 

Fu Ft here oorrapond exactly to F^, K„ the two eolations of 

and a linear combination of these two gives the outwards going 
wave for large values of 9. 

40. We proceed now to consider in more detail the case of 
A^Of which was considered in Arts. 10 — 13 of my former Paper. 
I was not aware when I wrote that Paper of all bhe details that 
are known with regard to the zeros and turning points of the two 
functions J, (ar) and J, (x). We proceed to supply the deficiency. 
It may be observed that (though perhaps finite and large values of 
A give u^ the most interesting cases) the case of -4 = 0 has this 
a^i vantage, that it can be completely worked out to any required 
degree of accuracy. 

41. In what follows, and till further notice, we shall use 
u suid V in the sense of the first part of Art. 6, that is ^Fig. 2) 

u^iOU, v^20V. 

And first we will suppoae the paraboloid iiai^ a sound-MHdin^ 
reflector, LO (Fig. 2) a line of sources, giving rise to a progressive 
wave. By Art. 17 corrected as above Art. 38, or by Art. 34 the 
law of the strength of source at any point U in LO (Fig. 2) is L\ 
where 
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It is interesting to know what value of pu gives the numeri- 
callv greatest value of (pu). This is at once got from Tshh L 
in Gray and Mathews' TrmOiie cn Bmd^9 FuneUans. It will be 
obeerved that for brevity I have put down only two plaeea of 
decimala The turning points of J%(pu) are given by 





888 




1017 


18-82 




and then J, (pu) « 1 


-•40 


+ •30 


-•24 


+ •21 





We see at onoe fiom this that u^O gives the point of numericaU^ 
greatest strength, which is the geometrical focm of the reflector. 

We will next suppose u = ^ to be a sound-recetVif^ reflector, 
aod so the vibration to be stationary. We will endeavour to find 
the " focus of reflection" (Art. 12) in the axis LOx (Fig. 2). 

By Art 1 1 the velocity at a point U in ZO (Fig. 2) is (putting 
tf •* 0 and omitting the time-£Ews(or) 



Now the turning points of Ji (fm) are given by 

&c. 



pa = 1-84 


5-33 


8-54 


U-71 


and then J, (pu) » 58 


-•34 


•27 


-•23 1 



} 



■m 



so that p^^ = l'H4^ gives the point iu ZO (Fig. 2) of ninnericallj 
greatest velocity. But since for all points in LU we must have 
pu < pi, we must also have 

1 84 < pi, 

if there is to be a " focus of reflection *' in XO. But p is given by 
the condition (22), 



s^O^Jilpu), when us^L 



d(pu) 

But the xeros of the function (pi) are given by 

jd = 0, 3 83. 7 01, 1017. 1332, &a 

Passing ovw 0, the deepest sound is givm by pi «81% ss 
that even if the sound be aa. low as to be given by pi » 8*83 there 
will be a focus of reflection in LO, 

kpan by Art. 11 the velocity at a point V in Ox (Fig. 2) is 
(putting ubO and omitting the time-fikctor) 

"*7F"^"ir(^tor"'^^'^»^^' 

so that 1'84 gives another " focus of reflection " in Ox, 
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The two foci of reflection and Ft are indicated in Fig. 10, 

wboio OJ", « Oi; and OF, « ^ and veloeity at 1", « 2jp x -58 « 

velocity at F^, hut in an opposite direction. 

We see therefore, that (for a given reflector) a.s p increases 
(that 18 for higher and higher notes) the two foci and Fg draw 
nearer together and the vdocUy at each one mcreaeee. 




Fio. 10. 

It is readily seen from equation (15), putting il - 0» that the 
velocity at 0 vanishes. Thus when p becomes large, the velocity 
in the neighbourhood of 0 tends to become discontinuous, but as 
p has finite limits (Art. 5) actual discontinuity cannot be set up. 
If we make OL'™ OL and draw the paiabola L''L\ we can show 
from the formula given for the velocities in Art. 21 that the motion 
in the space L'LU is symmetrical with re^rd to the lines L'O 
and LL. (Of course only half the figure is drawn.) 

4^. To complete the case of ^ = 0 we have now to evaluate 
the definite integrals in (33). This \sas done very iinjterfectly in 
Art. 15. The following seems a better way. It i^ true that the 
evaiuatiun can be performed in a shorter way, but it will be found 
convenient for future investigations, first to suppose A finite, and 
then as a particular case to put it = 0. Let /», /, be the two 
definite integral solutions of the equation 

'S+S^^^+^^-^-o 

and let /, = J* cos ^af coa + -^1 log cot |j . log s\n^6d6, 

and let A'l. A', be the solutions in series^ the latter involving \ogx. 
Then by (18) 

I(c4»-i +«-»-r^)/, and jr.- ^ ( 6*'^+ €-*•-*) (/,log« + /,) 

TT IT 

(m 
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We will now suppose a large and A/x a small fraction, b It 
put C06 0m^^—^ , and we get 

Applying to this a method suggested by Art 405 of Todhontei^s 
Laphc^s Functions, we have 

Here for A log |^ I - we may put zero, when < is not laige, tnd 

when t is large, tlie corresponding elements of the integral are of 
no account, because then is small. 

For the same kind of reason, in the multiplier, for {pc - if we 
may put {2x)K 

Then, when x and A have the kind of values supposed. 

In a similar way we get 

I.^j^ cos j^-t-^ log . log . ^2^^. 

and when a; is large and Alx small, this becomes 
/,«|^ cos|«+^log2«-«-^ l«g ^1 • (log 2< - log a:) . 

/. /. - cos jo: + ^ log 2^ - 1 - 4 log t| . log 2< . . 
Put t wm 2^ and we get 

/i = cos |« + ^ lug X - 2^ log ^1 . , aod 

^•"/o . (log4 + 2log^).?^. 

Now put ^ » f ' ^ (2f< + il logf^) . d^, and we get 

J a Sin 

«*/j-2cos^«+ ^loga;j./,+ 28in^a; + ^logd^j. /, ...(100), 

d;* /a 2 log 4i . j^cos ^« + ^ log d;j . /,+ sin ^« + ^ log «j . /ij 
+ 4ooi + I log . g - 4 sin (« + ^ log^) . ^' ...(101) 
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We have now to evaluate U arui We shall show that they 
cao be expressed as Gamma functions of a complex, but before 
doing this we will first establish a relation between them. It is 
eMy to show from (98) that 



(102). 



where C is some quantity independent of x. We can determine 
Its value from (15) and (16) by putting x, A',, for u, (Z,, LT,, 
ihen putting for dXr^ldx and dXijd-^i: their values, and making x 
vanish. We then get C « 1. Of course (102) may be regarded 
iii> a First Integral of (98). If x is large and Ajx small, we can 
show (Art. 23) that the leading terms in Xi and X, have the 
following forms 



. ...(103). 



where (7i, (7,, C,, C4 are certain functions of A. From these last 
equations finding the values of dXJdx and dX^jdx {retaining 
only the largest t&nm) and putting them in (102), it will be found 
that we shall get 

CJJ^-Cfi^^l (104). 

Compaiing together the equations (99), (100), (101). and (103) 
we diall get 

C,-^(«4'^ + €-*'^)x/, and a,«-(€*'^ + e-*»^)x/, 

W IT 

- i (c**^ f f -l»-^) {21, log ^ + 4 

0,-1 (i*-^ + i-i-^) (2/. log 4 - 4 J^') 
Pat these Talues of Ci, C^, O., 0« in (103) and we shall get 



^...(105). 



Slid 



w«v •<m'*'^*e;"(€-^+i)"' 

Int^gnHiDg we get 



(/,)»+(/.)-. I Xj^ 



.(106). 



It can readily be shown that no constant need be added. 

It is important to notice that in equations (100), (101), (104), 
(106) A may have any value. For the formula (106) 1 am indebted 
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to the late Sir G. G. Stokes. It will presently be obtaiaed in 
another manner. It will be noticed that (106) ii here obtained 
without the use of couipiex auantities. 

From (103) and (lOi) it follows that when m is large and Als 
small. 



cos 



1^ 
A 



m^a-^ — log 



.(ion 



If smaller tenns arc recjuired than those given in (103) tbe^ maj 
be got thu& In (98) put a^XsW. Then 

(P W 



+ (. + ,i + i)ir.o. 



If in this we put 

If = + 4^ + &c.)coa («+ ^ log*) 

we shall find that A^A^, kc, B^B^, kc, can all be obtained in 
terms of A^ and by the folftpwiug equationa: 

|ii (» - 1) ~ ^ V J j -^2«l?» - i (2« - 1) it^i - 0. 

|n (n - 1 ) - y + j| + 2nil» + ^ C 2f 1 - 1) ^ „ - 0. 

If in the above we put A^^ B^^Ci, C, respectively we ger A', 
and if we put Ao, B^ = C\, we get Xj. The above series art 
semiconvergent if ^ i8 laige and Aja small. 

4S. We will now show that J. and /« depend npon 

The following is, if I remember rightly, fmctically Stokes's is* 
▼estigation. 

Put I = r e'^^^"^ X dx. 

In it put « s yi. Then 
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• wA H ^« /At l\ 

Now we know that if k and « ara laal 



fiut in this formula n may be imaginary. 

Comparm^ t^ie last two e^aatioDS we will SQppoee and 
n »(l + ^t)/2 aod puttiog 

•ad potliiig c for 008 log mod 9 kit an ^ log 2^ we sbaH get 

after some reduction 



9A 



/-4f * {-Jc+iw-f;K? + j«^-i(gc-;«+|>c+ji)j.,.(110), 
from which ^putting ^ s il log 2* — we get 

^ coe(2«f+^logar)<iaj = 2-*e" ♦ (qsin B -i- pcoHB) 

The above is Slokea'a xesiilk From them we get 
Bui it ia known that if m be real and < 1, 



r(iii)r(l-m)- 



w 



am mir 

Boi hare at maj be a mixed imaginary, eo pot m « ^ + ^ » Mid 

we get 

80 we arrive again at the formola (106). It is interesting to 
notice the two entirely different ways by which (106) is ea- 

tahliahed. We proceed to find the value of rQ + when 
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It 18 proved in Art 264 of Todhtm Ws JnH^ral Oabdmiknik 
if » be real and r aa integfer, 

r (a) -limit of 1 2.S...r 



n(n + l)...(n + r-l) 
when r it infinite. It can be shown that this fonnula it true 

even when n is complex. First then put ^ ^ ^2 ' ^^^^ 

1 lA 

n « ^ <iivide the Ist result bj the 2nd result. We thas 

get 

- limit of y i 1 '1 ^ '"^ 

(2 + V) (2'^V)(2"*"V)-("~2~'^V} 
when r is infinite. For shortness pat tit a #. Then 

'(i*T)/ra-^) 

^. , "-'>('-«)('-0 -('-«^) ■ 

- himt (tf ; — -r — X f ...(1U> 

when r is infinite. 

Now, to make these infinite products convergent, nae Ihe 
devioe of WeieisMsB given in Art 287 of Hobson'a aVymeimlry . 
that 

c *^ *^ (114) 



give to n the successive values 1, d, 6, &c., (2r— 1) and multipijf 
the numerator and deuommator of (113) by 

^ \ i • ir-i/ s suppoae. 

Further pat 1 + + (Ir^I^**** 

1 1 1 
^ y 6P (2r-l)P^**' 
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We thus get 

■•a-T)/^-^) 

= ' xr'xr^ ...(1 15)l 

Next in (114) giving to n the successive values 

-1. -3, -5, kc, -(Sr-l) 
and multiplying the numerator and denominator of (115) by 

we get 

^ — p xf'X€-^'(r««). 



Or 



= -^^-^O-) ,^^r, 

^ (2 " t) 

From (109) the above 

Therefore extracting the square root we get 

80 that if we put 

iln-y r, + y-&Rtooo-t^logrsiP ...(116), 

we get 



ticoBE^ianE), 



If il » 0 it 18 known that q^O and that p « • ^luit in 
the above equations the upper sign is to be taJceu, and we get 
p=-(|»^+9*)*0QsjP and g«-(p^+g«)*8in^. 
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Patiiog thefte values in (111) we get 

coi{2ai«+-Alog«)cte» 2-*« ♦(|^+9*)»co»(^+5) 



By means of (112) we thus get a 8rd corTob<»ration of Stokes's 
formula (106). It will be observed that the formulae (117) for 
/, and /, are of value only when A does not exceed 1, for if il be 
> 1 we see from (118) that the series for E is divergent. 

We will next ( x amine what results we get when in the abovt 
investigations - A is put for A, for the Physical Problem 
requires both of these cases to be considered. Suppose /, 
then bec.)ii)e and respectively. It will be found that iastetMi 
of (111) we shall get 

/,s I ooB(2a:*-- Alog«)<i« = 2-*6*^(-9siu£i+|>co8 A). 

/, = j Biii(2as"--Al<^a?)(i«»2^€* (-^coeft-jianAX 

where = - A log 2*- j, 

and p and q have the same values as before. 
Instead of (117) we shall get 

i,=J co8(2a^-illogx)(i»--2-*«*(|i^+5*)^aiii(iP+J5) 

I,sfm{2a^-A\cgw)d9^ 2-*t^(l>'+g^)»cos(S+jB) 

* (118). 

wbere Jif and (p^ + g*)* are known from (110), (116), and (112> 
It can be etmy shown that the limit of (rx - i log r) when r 
is 00 is i7 + log«f (7 being fiaWs oonsfeaat and -*5772» Ac;).ao 
that instead of (116) we may pat 

J s il (t 7 + log 2) - ^ n + ^ n - Y n + te. (1 19X 

It must be remembered in using the formulae (117) and (ll»i 
that in them Ail^l. 

44. We are now in a position to complete the case of A =0. 
We see from (103) and (105) that in order to hnd what I'j and It 
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become in this case, we have to find the values of T, and 
dIJdA, dIt/dA when ^4 = 0. To do thi^ it is best perhaps to 
expand the right-hand sides of (117) in powers nf A for a term or 
two, to differentiate with regard to A, and then put il - 0. We 
shall get 1,^1.^ TT^/^, 

C»-C7,-ir-i and C.-2*-*(-|- ^ log2- j), 

Them valaes of (7„ Ci, satisfy condition (104). Suppose 
now the reflector to be a soand-ssnatii^ one and OL (Fig. 2) to 
be a line of sources, and that we wish to find the whole strength 
of the sooice. It is shown in Art 84 (only now N.B. using tt and 
V for the original pu and pv, see Art 6), that the strength 
belonging to a length 2du/p at point U (Fig. 2) is the limit when 

9 » 0 of X vdFjdv where F is the velocity-potential We 
will suppose (see Art 5) that 

F = [{E, r, - V,) cos 2pat -f iA\ V, - A, \\) sin 2pat] x P",, 

where F,, V, are got from (16) and (16), Art 7, by putting v for « 
and changing the sign of A, and E^, ^j,&c.aregot from C,, C„&c. 
in n05 ) by changing the sign of A there and also in /i and 
horn which suppositions it follows that 



w 



.(120X 



ftnd tlso that, when v is large and Ajv small, 

CM f» - ^ log ») 



7 



Bin ^« - J log »j 



Firom the above it follows that the strength of source belong- 
ing to the length 2itftt/|> of OX is «i the limit, when ««0, of 

^^^^ X « y{ - ^. F; ) cos 2po< + (^, F; ~ Ai F;) sin 2|Mtf ] 
- ^JL^l^ [- ^, cos 2pai + ^» sin 2pa«]. 



▼OL. nzL n. m. 
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Therefore the greatest Yaltie of the strength at U (Fig. 2) 

= w X 2:^^ .»-» X (*-^ + 1)» X . 

therefore the whole strength in the line-BOuroe LO (Fig. 2) is 

" P 

where Uy is given hy (15) in Art. 7. Now suppose A«0« then 
by (15) ^1 b^omes «/o('^) we will further suppose pi to be so 
huge that we can practically put oo in the upper limit of the 
Integral (For the possible range of values of p see Art. 5.) (If, 

/pi 
<iu is 

required, it can be got by integrating the semi-convergent series 
that, for large values of u, represents J^iu).) Then, since by 
Art 450 of Todhunter's Laplac^9 FunctUm it is known that 

J J^{u)du^l we have the whole strength of source in LO 

* «2«w*/p nearly (123), 

aud by (40 a) of Art 19 and by Art. 5, at a point V on the azii 
distant vj2.p from the geometrical focus of the reflector (Fig. 2) 

(that distance being supposed great) the velocity in the axis of 
the reflector = 'IpdF'dv (u. v beinsf hore used N.B. for the original 
pi, pv, Art. 6). But by (121;, putting ^ » 0, at a distant point V 
we have 

„ oos(»-2po<) 

^ 

BO that the velocity at Fae— (^^^i^O n^gyij^ being 

large. But here it must be remembered that v is ustd for 
px20V. We will, in Fig. % for clearness put OFsc,, so that 
the maximum velocity at V now becomes 

(2pM)* 

From (123) and (124) we see that the ratio of the maximum 
velocity at V to the whole strength of the source in LO (which 
we might consider a fair measure of the sound magnificatioin in 
the case of a sound-setultn^ reflector) 

- {£J 

We see from this that if we suppose F to be a fixed point 
(and therefore constant) and if we make experiments 
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ftifferent large values of />, then the magnification of sound 
produced bj the reflector varies as jy^, so that if we suppose the 
strength of source constant, the ir^a^nification would vary aa 
Perhaps, remembering the linearity of the fundamental equation 
of sound, we may put the last statement better thus. We have 
proved that if we have in LO a source of sound whose total strength 

= (7 X (where (7 is a constant), 

it will produce, at a distant point V, a velocity whose maximum 
value 

But here we may put C — fip where /* is an arbitrary constant^ 
so that a source in LO, whose strength ^fix 2*w*, will produce 
at F a velocity 

- ■< (?)' 

This justifies the above statement about magnitication. But 
perhaps a still better measure of the sound magnification may be 
Birrived at by finding the ratio between the actual maxuimiu 
velocity given by (124; and what the maximum velocity at V 
would be, if the reflector and source in LU were annihilated, and 
there were at 0 a amgle free source whose strength is (i2o). We 
shall find this ratio 

We mi&;ht adopt the coefficient of here as a fair measure of 
the magnincation. Whichever measure we adopt, we see that the 
higher the pitch of the note (or tone) experimented on the greater 
wUl be the msgniflcation. 
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The Abortive Development of the Pollen in cerimn Sweet- 
Peas (LathjrruB odoratus). By A, P. Qbboobt» MJL, Si John's 
College. 

[Bead 14 Maj 1905.] 

Among the plants produced from the self-fertiluation of a 
certain race-hybrid of LoA^rua odoratm Mr Bateeon obteined, 
duriiw 1903, a certain number of individuals whoee anthers were 
contabescent*. 

In the plants with coloured flowers the sterility was, with a 
very few exceptions, correlated with a somatic character, the sterile 
plants possessing a green leaf axil, while the futile plants, with 
the rare exceptions noticed, had red azil& 

The same phenomenon was repeated in 1904, with eyeiy 
indication that the sterility occurs in a definite proportion of the 
plants, both in those with coloured and in those with white 
flowers. That is to say, the sterility is a character which under- 
goes segregation in accordance with Mendelian principlcat 

Mr Bateson kindly allowed nie to take maton;\l from his plant* 
for the purpose of making ru examination into the cytologica: 
phenomena which aocoiTipany the sterility of the male organs. 
The fixing fluids used were (1) a mixture of glacial acetic acid, 
1 part; absolute alcohol, 2 parts; and (2) a 1 7o solution of 
chromic acid in water. Tt was found that anthers preserved in 
the early morning yielded a rat her larger proportion of favourable 
preparations than did those taken later in the day. 

From an examination of fresh material by various methods 
it became clear that the almormal forms taken by the cells 
of the sterile plants were somewhat variable. In most cases 
the anthers contained a semi-fluid mass, in which a few cells 
of irregular outline could sometimes be distinguished; otherf 
contained a few pollen grains, which however appeared to be bad. 
This observation was confirmed by the detailed study, which 
revealed a considerable range of divergence between the behavioor 
of the nuclei of the pollen-mother-cells, not only of diflerent planti 
hut sometimes of different anthers of the same plant The 
appeanmoe presented hy the pollen-mother-cells of any one loculut 
is ffenerally the same, ezoept for slight differences co t re sp opdiDg 
invi the slightly more or less advanced stages of deTeuypmsat 
reached hy some of the cells. But it seems prohable thiit tlie 
degree of ahnormality ezhihited by pollen-mother-cells prodnoad 
in difierent loeuli of one anther is not necessarily the same. 

* Bfttesoo, BAonden, and PuiweU, Hay. Soc, EvoL Com,, B*v, n. p. 91. 
t Ibid. pp. 91, M. 
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Fertile Plants, 

Before the phenomeDa observed in the spermatogenesis of the 
sterile pleiite aie described, an account will be giyen of the prooen 
nomial io fertile pknta. The mftteriAi used for this parpose wis 
teken from pure hied plants of the race known as ''Emilj Hender- 
son "*-^one of the parent races of the sterile plants*. 

In these plants the active division of the archesporial cells, to 
which the poUen-mother-cells owe their origin, is succeeded bv 
a period of rest and growth. Towards the end of this period, 
at the time when the nuclear leticalum is about to become 
transformed into the coiled spireme, the threads connecting the 
nucleolus with the peripheral reticulum become very promment, 
taking the stain more deeply than those which form the network 
(Fig. 1). In the nucleolus there appear small vacuoles, which 
increase in sise while the reticulum shows an increasing affinity 
for the chromatin stain. In correspondence with its mcreased 
vaeuolation, the nucleolus, which hitherto has been Yety deeplv 
coloured, tikes the stain to a degree which decreases with each 
successive stage. The numerous threads by which it was con- 
nected with the reticulum disappear, apparently being broken off. 
In some of the later stages the nucleolus was found to be connected 
to the reticulum by only one rather prominent thread. This 
single connexion is, I believe, finally broken off; at any rate 
no connexion is made visible by the stains which have been 
usedf. The nucleolus is now a spherical body, which consists 
of a very faintly stainable shell enclosing a lari^c' vacuole, which 
may be central or excentric. There can, I think, be no doubt 
that these changes indicate a transference of chromatin (or of 
some substance closely allied to chromatin) from the nucleolus to 
the nuclear thread J. The subsequent fate of the nucleolus is very 
difficuU to observe; 1 have been able to find no trace of it at any 
stage later than that at which the spindle becunjes conspicuous. 
In the sterile plants the nucleolus often fra^rments, and, bliortly 
after the breaking down of the nuclear wall, I have seen in a few 
cases two or three small spherical bodies lying in the extra-nuclear 
protoplasm, l^uth in colour§ and texture these bodies resemble 
exactly that portion of the nucleolus which remains in the clear 
area occupied by the nuclear thread (see Fig. 12). This fact would 
appear to suggest that ihv remains of the nucleolus Uiay tiualiy be 
absorbed by the prutoplasa^ of the cell. 

• U. p. 91. 

t Iron-alum haematnxylon, and Fl' 'Timing's triple stftio. 

t See Warier, Atmak oj Botany, I'm, Vol. 18. p. 39. 

I TbMt pnpanlioM win f tauMd with iran-iIuB baanattnjloB. 
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While these changes have been taking place in the nucleoini 
the Itticuhim has given rise to a closely coiled spireme thread, 
which, at first evenly distributed throughout the nuclear space, 
subsequently contracts towards one side of the DUcleiiSf iiDder- 
guing a longitudinal fission throughout its entire lenffth. At this 
stage the nucleolus is often seen to be sancer-shaped, the oonra 
side being applied to the nuclear wall in the region tovaid 
which the contraction of the thread takes place (Fw. 2)*. The 
polarity of any nucleus has no apparent relation with that of its 
neighlx>nrs. 

The contraction of the sfnreme, with its consequent formatioii 
of a series of loops, is followed by the segmentation of the thread 
into chromosomea The whole process of the fonnatioQ of the 
chromosomes is essentially identical with that described by Fanner 
and Mooref* In certain Ferns, in which a similar process was 
found to obtain, the large number of small chromosomea made it 
diflScult definitely to ascertain that each individual loop stood in 
a definite relation to one chromosome^; in the Sweei-Peas the 
positions assumed by the chromosomes at their first sepantkn 
must lead to the conviction that, not only does each loop give rise 
to a chromosome, but that the apex of the loop is the actual point 
at which, in metaphase, the limbs of the chromosome are destined 
to separate from one another (Figs. 6 and 6). 

The chromosomes shorten up very much prior to metaphase, 
and each appears as two short Uiick rods lying parallel with one 
another. No instances of ring-shaped chromosomes have bees 
observed. 

The form of the chromosomes at metaphase renders their 
structure difficult to observe, but it may be referred to the typical 

0*9haped figure obscured by the shortness and thickness of the 

arms of the V (Fig. 20). In anaphase, a section transverse to the 
spindle shows the chromosuines arranged in a ring. They are 
V-shaped, but very thick at the apex of the V, which is turned 
toward the centre of the spindle (Fig. 21). 

The- second (homotype) mitosis is of the usual type, and need 
not be deiscnbed in detail. 

The recon8tiuiti(»n of the daughter nuclei from the chromo- 
somes cau be followed with great clearness in the young poileo 
grains. 

Wager has H*'scribed the fusion of the chromosomes first of all 
into a number of small nucleolar masses, connected together by a 

• Cf. Zimmerraann, Morjih. u. Fhuiwl. d€M Pfi. ZeUkerne»t Jena, Oustay Fiscber, 
1896. p. 69. 

t Rnv. Sac. Proc, 1903, Vol. 72, p. 104. and Q.JM.S,, 190A, Vol. 48» p. 408. 
t Annaii qf Botany, 1904, Vol 18, p. 447. 
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deeply stained network, and then a further fusion into the large 
nucleoli found in the matore celk*. This description is not 
ratirely applicable to the process which I have observed in the 
^'duced nuclei of the (>oUen graine. The nuclei certainly pass 
thr<)ugh a eta^e in which there is a single continuous thread 
(Fig. 23), which is directly formed by the fusion of the chromo- 
somes end to end. Almost immediately after this stage is reached 
the coils of the thread are seen to be connected with one another 
by fine branchea. From this stage the reticulate condition is 
attained. 

Attempts made to trace the origin of the nucleolus met wiUi 
no more success than those made to trace its ultimate fate in 
mitosis. One or two nuclei are first observed as small, spherical, 
faintly-staining bodies lying in close proximity to the chromatin 
thread with which they are connected oy a fine thread or threads. 
The single large nucleolus of the later stages is formed by the 
fusion of the smaller ones which, in the intermediate stages, are 
seen cloBely applind to one another. The nucl^'^nhis is connected 
with the nuclear reticulum, to which the chromatin thread has now 
given rise, in the early stages sometimes by only one connecting 
thrfead I KiLf. 24), but later by more. 

These ubservatiouH appear to me to indicate that in the 
process of reconstitution of the daughter nuclei exactly the same 
changes occur as in the prophfises of division, but in the rev* rse 
order; and, firther. that the nucleolus ree»'ivps and stures the 
balk of the chromatin during the resting periods wiiich intervene 
between successive mitosesf. 

Sterile FUmte, 

The somatic mitoses of these plants (inchuiiug those which 
take place dunng the developnieiit of the archesporium) are quite 
normal, aud differ in no way from those of the fertile individuals 
f the pure race. The rapid growth of the archesporium is, 
however, followed by an abnormally long period during which no 
divisions of the pollen-mother-cells take place. This is to be seen, 
not only from the large number of preparations which are obtained 
in this condition, but also from the large growth of the anther 
itself which takes place. Since there is no corresponding increase 
in the sporogenons ccdls, the pollen-mother<-cells are found lying 
quite loosely, and in the later stages almost scattered, in a large 
cavity. A deceptive appearance is thus produced which is sug- 
gestive of the formation of a smaller number of poUen-mother-cefls 
than is usual, bat is in reality due to the &ct that a fertile anther 

• AnnaU of Botanjf, 1904, Vol. IS, p. 47. 
t Cf. Wager, 
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of the same size would contain poileQ-mother-ceUs of a much later 

stage, or even young pollen grjiin??. 

The various forms which the irregularities taVe differ from one 
another only in degree, so that although the plants fall roughly 
into two groups — those in which chromosomes are formed aod 
those in wliich complete abortion takes place at an earlier stage — 
intermediate conditions are frequently found. 

In the types more nearly approaching the normal form, the 
nucleus of the pollen -mother-ceil passes into the spireme stage, 
the thread undergoes a lungitudmal fission, and by its contraction 
towards one side of the nucleus a series of irregular loops is formed 
(Figs. 2, 5^8). 

The fonnatiou of the chromosomes through the segmentation 
of the looped spireme takes place in the normal way. Fig. 7 
illustrates a cell in which only very slight irregularity is pr^nt; 
the chromosomes, however, possess a veiy mudi more rafl^ed 
ontline than do those of normal poUen*mother-oells. It is peraa^ 
worth mentioning that in the cells of the loculus adjoimng that m 
which this cell occurred* the abnormalitj was much more pro- 
nouDced and the formation of chromosomes completely fiuled (ct 
p. IBS), It will be seen that the chromosomes in this early sti^ 

Cthe impression of being of different lengths; later thej 
me much shortened, and in metaphase no dutinct diffiBrenoes 
in sise can be recognised (Figs. 19, 2<^ 

In other cases in which the attempted formation of chromo- 
somes is successful there appears to he a great delieiencjr of 
chromatin ; the chromosomes of the abnormal pollen-mother-cells. 
staining very feebly as compared with those of the snrtonnding 
(normal) somatic cells (Fig. 6). 

The great irregularity of the spindle of the heterotype division 
is a veiy marked feature in these plants; and in aiddition to 
irregularities in the direction taken by the spindle fibres them- 
selves, the chromosomes are irregularly distributed upon the 
spindle (Figs. 19, 20). No case has been observed of the reg-iilar 
arrangement of the chromosomes in an equatorial plate at meta* 
phase, such m obtains in the fertile plants. 

Although many anthers have been examined which, by com- 
pahsou with the fertile plants, were expected to show mature 
pollen grains (if any were developed), no stages later than that 
just described have as yet been obtaiued. 

Cases, such as those described above, are comparatively rare. 
They are characterized by the definite ionnation of chromosomes 
and the development of a spindle, the abnormality beiog contined 
to the irregularity and asymmetry of these prucesses. 

Much more commonly the abortion of the pollen-mother-cella 
is complete and only the early stages oi prophase ai'e pa^ed 
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through before degeneration sets in. The first signs of irregularity 
appear iu the formation of the spireme thread ; the chromatin is 
distributed unevenly, in such a way that portions of the thread 
*ir*> destitut-e of that substanee. The mich:^ohis generally becomes 
irregularly lohed and is often connected with those portioan of 
the spireme which contain chromatin by prominent connecting 
threads. 

The longitudinal fission of the spireme is effected, at any rate 
in those parts of the thread in which chromatin is present (Fig. 9). 
The thread tiuw becomes very irregular, both in structure and in 
configuraiion, and has a tangled appearance (Figs. 10 — 12); any 
indications of looping which may be preaeut sliow corresponding 
irregularities, while the ^breads containing the chromatin are 
connected with one another to a greater or less degree b^ irregular 
threads from which chromatin granules are absent In some eases 
the thread now undergoes a partial segmentation, indicating the 
attempted fimiation of chromosomes (Fig. 13). In others the 
chromatin aggr^tes into irregular masses which are connected 
with one another by faintly stoined threads (Figs. 14, 15). It 
should be mentioned that these masses generally number about 
eight* and sometimes give the a})pearance of bein^ double. The 
pmess mther xecalb tiiat of the shortening and thickening of tlie 
chromosomes of fertile cells just before roetaphase. 

These ehan|pes are accompanied by a drawing-out of the whole 
nucleus, sometimes in the direction of more than two poles 
(Fig. 13) ; at this time the nuclear walls disappear, and in some 
cases the development of a few striae at the poles of the nucleus 
indicates an attempted formation of the spindle (Fig. 13). 

From this condition almost every form transitional to the 
carious state shown in Figs. 16 and 17 may be found. In the 
earlier stages of this form of abnormality, it is quite dear that 
the masses of deeply staining matter, which are« as it were, left 
V liind by the drawing-out and constriction -of the nucleuSp consist 
Qi a closely tangled thread. 

In the later stages of all forms the anthers contain only a 
matrix in which the cell outlines berome less and less distinguish- 
able ; embedded in this lie rounded or lobe() masses which stain 
deeply, and, by comparison with the earlier stages^ doubtless 
represent the degenerating nuclei. 

The sterility in these plants is confined to the nude or^rans*. 
The structure of all the embryo-sac mother-cells examined has 
been quite regular, the contraction of the spireme and the fornia- 
ti m of loops resembling exactly that of the fertile plants 
dig. 4). ' ' 

* S«e »lao fiatteoo, Sftuiidttt, and PmuMlft, U,, p. 91. 
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Such evidence as is obtainable, both from experimental breeding, 
and more particularly from cytologtcal work, points to the reduction 
division as the time at which the segregation of allelomorphic 
characters takes place. It is therefore interesting to notice that^ 
in the sterile Sweet-Peas, abnormalities appear duimg the procoMea 
preparatory to this division, and only then. 

The exact bearing of this observation upon our theoriea of 
the individuality of chromasomee, and their importance in the 
transmission of segregated characters, is, however, not ▼ery 
clear. 

Sterility, in the case with which we are dealing, is a receive 
character, and is almost always confined to those plants which 
have light-coloured leaf axils — another recessive character. No 
segregation of the characters in question is therefore taking place 
at the formation of the gametes. The irregularitieB do not there- 
fore correspond with defective segregation* 

Further, it must be noticed that the irregularity affects the 
whole nucleus and is not confined to any particular pair of chromo- 
somes. Although this may siuiply imply — what recent cytologica! 
work has led us to exjx rt — that individual chromosomes may 
influence the behaviour of their fellows, it seems more Hkely that 
sterility of the maV organs is the expression of some deeper-lving 
phenomenon atiectmg the physiology of the whole plant. It is 
moreover almost always coupled with another physiological 
character — the absence of colour from the leaf aiils even in 
plant- with coloured tiowers*. 

in further support of this view we have the most important 
fact tha^ the nucleus of the embryo-sac mother-cell, which pos- 
sesses a series of chromosomes exactly homologous with those of 
the pollen-mother-cells, shows no abnormality whatever. 

The low staining capacity of uuuxy of the abnormal nuclei (see 
p. 152) might indicate a low state of nutrition, although there is 
no obvious difference between the development of the vafiK^ular 
strands in the fertile and sterile stamens. Possibly a similar 
deduction ma^ be drawn from the (act that the development of 
spindle fibres ui the cytoplasm is feeble or absent. 

If this view be correct, it may be that the sterility of the male 
oigans in these Sweet-Peas is not fundamentally cfifirerent from 
that which has been observed, also in the male organs only, in 
a certain familv of Primuia Stneneit, There is some indication 
that the contabescence of the anthers in this hitter case is an 
inherited (recessive) character. In these plants the degree of 
contabescence varies with each anther, ana a small amoont of 
good pollen is produced. 

* S«e also iiai«jiiOQ, Saunderg, and i'uniiett, Le,, pp. 91, 92, on the exuteooe of 
two oliww aiDODg th« wUMowerad plmte. 
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It appears that in all these plants, the reduction division 
follows the nonrial course, and young polK n granis are formed. 
In the contabesceni aathers growth ceases at this point, the pollen 
grains remain small and enclosed within the walls of the mother- 
cells. 

EXPLANATION OF THE i^lUlKES 
illnstnting QametogKieBis in Laihyrtte odoraiue. 

The figures were drawn with a camera lucida. A Zeiss 2 ram. 
Apoobromaiio Objective and Oculars 4, 6, 8, and 18 were used. 



Plati I. 

Fig. 1. Sterile Pea. PoUen-niother-cell in the resting condition. 

The reticulum is shown, with some threads joining 
the nucleolus. The latter is somewhat vacuolated. 
K 1600. 



•1 



2. The same. A later stage showing tiu' contraction of the 
spireme. There are faint indications of the longi- 
tudinal fission of the thread. Tiie iiuckulus has 
taken a "saucer-shaped" form, x 1600. 

I, 3. "Emily Henderson" (fertile race); showing the looping 
of the thread, which has undergone a complete longi- 
tudinal tlssion. X 1600. 

M 4. Sterile Pea. Nucleus of the emhryo sac, in a stage 
similar to that shown in Fig. 3. x about 2000. 

Fios. 5-8 snd 19-20 illustrate sterile plants lu which the ab- 
normality is slight. 

Fko. 5. Sterile Pea, Nucleus of the pollen-mother-cell, showing 
a later stage, in which the loops are contracted. The 
longitudinal fission of thread is shown by the di- 
vergence of the halves in one place. The nucleolus 
has given up most of its stainable matter. x^l600. 

„ 6. Pdlen-mother-cell from the same anther as that shown 
in Fig. 5. A rather later stage, in which the seg- 
mentation of the thread into ohromoeomet has taken 
place. 

„ 7. Sterile Pte. Poneo-mother^U from another plant in 
which the abnormality was slight. The ebroniosomes 
appear to be of somewhat different lengths, x 2000. 

„ 8. Two ohromosomee from the eame^ showing the longi- 
tndinal teion of each limb, k about 2400. 
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Fiai. 1^17 illaitate the kter stAg«s of tterilfi plnte in 
degeneratkm of the poUen-mother-ooUi takes place before 
ue fonned. 

FkO. 9. Sterile Pea. Pollen-mother-cell Bhowing the irregular 
spireme, and its longitudiuai lisaioa. x 1600. 

FlOC 10, 11. Sterile Pea. Rather later staple in which the 
spireme is somewhat tangled. The longitudinal 
fission can still he traced. There seems some 
indication of the polantj which is observed in fertile 
cells. X 1600. 

FlO, 12. Sterile Pea. Showing the close tangling of the spireme. 

The nuclear wall is only visible at the ends of the 
poles of the rather elongated nucleus The chromatin 
thread is surrounded hy an area of clear protoplasm. 
The remains uf the nucleolus, now staining very 
fainllv, lie in the centre of the nucleus and are sor- 
fomuttd bj ft leriM of tlueads oontunrng little 
chromatin, but oODnectiiig with the tangled portioiie 
of tiie chromatin thread, of which they really form a 
part X 1600. 

„ 13. From the same anther as Fig. 12. The nuclear wall 
has disappeared. Some parte of the thread have 
separated, representing the attempt to form diro- 
mosomes. The longitudinal fission is visible in eome 
places. Cytoplasm of a definitely fibrous structure 
•urrounds the clear area. There it a suggestioa ol 
multipolarify. x 1600. 



PL4n IL 

FlO. 14. Sterile Pea. A later stage showing the aggregation of 
the chromatin into ma-sses. The nuclear wall hiks 
disappeared. The nucleolus is stiii visible as a faintlj 
staiiung body, x 1600. 

15. The same in a rather lat«r stage. The deeply staining 
bo<lies are (onnect^^ with one another by slightly 
st&med threads, x 1600. 

Fiaa. 16, 17. Btoiile Pea. The incomplete and abnormal diviaoD, 
by constriction of the poUen-motheroeUsi, which ocean 
in a few cases, x 1600. 

Fio. 18. **Bmily Henderaon." Metaphaee of the helerotype di- 
vision in the fertile form, x 1600. 

FlOS. 19, 20. Sterile Pea. Spindles of irregular form such a.H occur 
in those sterile plante which show least divergence 
from the normal type. » 1600. 
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FlO. 21. ** Emilj Henderson." Late anaphase of the heterotype 
division, showing the V-shaped chromofiomes ap- 
proaching the poles of the spindle, x afaoiit 2000. 

The same in polar view. 

*«Earily flenderson." Young nuel« off the pollen grains, 
showing the lonnatioii of a eontinuous thread throngh 
the fusion of the obromosomea. Nneleoli eie preeent 
X 1600. 

„ 24. " Emily Hendenon.'* Young pollen grain, ihowuig the 
nndeer tetbolnm ftnd a single nndeolae which is oon- 
neeted with the network at one point only, x 1600. 
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The teMwtring habit in the Lyginodendreas, By E. A. 
Nbwei.l Abbbr, M.A., Trinity C!ollege, Univendty Demouatafeor 
in Pal«obotaiiy. 

[Received 15 Mtt^ 1905.] 

Among fossil plant remains, npccimens showing two orgam, 
still in continuity with one anotner, are as a rule very rare. 
Thus in the case of Lyginodendron, one of the most fern-like of 
all the Upper Palseozoio plants, while the seed, Lagenostoma*, wod 
other organs are now known in ^[reat detail, there has been no 
evidenoe, so fieur, as to the manner m which the seeds were borne. 
A new species LagenoeUmui Sindairi Eidston M.S. has, however* 
been recently discovered, which throws light on this problem. 
I am indebted to my friend Mr Kidston for permisdon to des cribe 
this new and interesting seed. 

The morphology of ZagenoeUma Sindainf agrees very closely 
with that of X. Lowuun, which has been shown b^ Prot Oliver 
and Dr SoottJ to belong to Lyginodendran. As in the case of 
L, Lomaxi, these seeds are enclosed in protective oxgans which 
have been termed 'cupules'; the 'capule' of the new species 
differing only in details from that of the seed previously described. 
The special interest of the new specimens lies in the fact that, 
in many instances, the seeds, enclosed in their cupules^ are still 
attached to the axes on which they were borne in the living state. 
These axes are highly compound structures, the seeds apparently 
terminating the nner branches. The type of branching is ex- 
tremely irregular, and no pinnules of the ordinary foliar type are 
borne on the seed-bearing axes. The highly compound nature 
of these axes, the irregularity of the branching, arid the fact tha*: 
the sppdR terminate both thf^ shorter and longer axes, mdicate 
that the timrphology ot the branched system is that of a compound 
frond with rt (iuccd lamina. This conclusion is contirmed by the 
close agreeiiH nt between this seed and Laaetwstoma Lomaan, the 
latter boing now known to belong to a plant poeaessing highly 
compound foliage of the Sphenopteris type 

At the close of 1904, when the exaniitiKtion of these specimens 
had been completed, only one aise w;ls known in which the seed- 
beanng habit had been ascertained amongf the group Pterido- 
spermes, to which these Fern-like spermapiiytes are now a^isigned. 

• OUw ukd Soott, PkSL Tmm. Jt Am., te. B, Vol 197. p. 19S, 1904. 

t A full account of the morphology of this 8«ed, and of another new specie, will 
shortly npp'^nr in th<> Pror. R. Soc. An abaftnwt of this {MpMT WMptlblisbtd iu tha 

AnnaU oj botany ^ Vol. xix., p. 826, 190d. 

X OUftrsnd8ootl» iM 
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This was the genus Medullosa, in which Mr Kidston* has shown 
that the seeds were borne on ordinary fronds identical with 
the sterile foliage. Since then two new discoveries have been 
announced, and in both cases the seeds are borne on fronds. 
Mr David White f has described the seeds uf a species of Aneimites 
(= Adi€Uiiite$), an important genus occurring in Lower Carboniferous 
and Upper Devonian rocks, which are borne on ironds with reduced 
lamina lust as in the case of the new seeds described here. 

Still more recently M. Qrand*£iiry J has made a most interesting 
discoveiT, alfecting a genus of Pakeozoic plants almost universally 
regarded as true ferni*. The genus Pecopterw^ especially charac- 
teristic of the higher beds of the Upper Carboniferous, and of the 
Permian, contains a large number of species, among which one, 
Feoopieris {Diekaoniites) Fluckeneti Schl, not perhaps a very typical 
member, has been shown by M. Qrand'£ury to be a secd-boaring 
plant. In this case the seeds are borne on fronds hardly differing 
at all from the sterile frtrnda 

Thus in the four groups or genera, Medullosese, LyginodendresB, 
Adiantites, and some Pecopterids, in which the seed-bearing habit 
is known, the seeds are in all cases borne on fronds, which are 
either little modified and similar to the sterile foliagr-, or fronds 
with reduced lamina In lax arraogement of the truct ihcation, 
the habit of these Fern-like spcrraaphytes must have presented 
a striking cuntrast to most of the other great Palaeozoic groups in 
which Btrobili or cones were douunant and conspicuous types of 
sporangial aggregation. 

• Kidston, Phil. Tratu. R. Soc., Ser. B, Vol. 197, p. 1, 1904. 

t White, Smithsonian Miscell Collections, Vol. 47, Ft. 3, p. 322, Deo. 1904. 

X Qxvad'Kuij, Compt. lUnd. Acad, Sci., YoL 140, p. 920, April 8, 1905. 
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Experiments on Penetrating Radiation. By H. L. Cooke. 

1851 Exhibition Scholar of McQill University: Emmaauei 
Collie. 

[Received May ld05.] 

In a previous paper* the author ha8 shown by experiments 
carried out at the McGill University, that the natural ionization 
in a closed vessel is to be partly ascribed to a penetratii^ radia- 
tion* Large mtmeB of lead were used as screens to shield a Inraai 
electroscope from t&is radiation, and a diminution in the ianuafeaon 
of between 80 % micI 85 was obsenred. the radiation inside the 
laboratoiy being shown to come from ail direetioos nith^ equal 
intensity. Experiments were also made to test the ionimtioii 
ontside the laboratory, on the sorfaoe of the ftneen gronod, and 
on the roof. The jsiperiments showed ^e eziitence of a pene- 
tmting nMiiation under these altered conditions, bat gave no indi- 
cation as to its source or direction. The experimental anengementa 
consisted of taking alternate runs, first with the vessel exposed, 
and then surrounded on all sides by a lead cage, one inch in thick- 
ness. A diminution in ionisation was always observed, but the 
amount of this reduction was not accurately determined, owi^ 
to the difficulties of experimenting under the conditiona en* 
countered, and on account of the faot that the appaxatoa was not 
well adapted for eiperiments involving great chaises of t em peta* 
ture, which were sometimes as great as 30° C. 

The primary object of the present research was to detect and 
measure, if possible, any penetrating radiation commg from the 
atmosphere. The exiFtonce of suvh a radiation is important from 
the point of view of atrnosphtTic ionization at high altitudes 
The radiatioTi inrnNured in the experiments at Montreal was -such 
that about one thii-d of an inch of lead screen rediiced it to half 
value, and its effect was not observable after pnssmg Ihrou/ifh a 
thickness of 2 inches of lead. TYn^ would mean that the eflfect 
of this radiation from the earth would he inappreciable at a height 
of 500 yards, aud any iuoization above this height would have to 
be ascribed to radiations arising from the air itself or to radio- 
active impurities mixed with it. 

In these tjiperinients a small portable ionization vessel was 
used, being designed to work imiep^ ndently of changes in tem- 
perature aud weather condiiioiis, and capable of withstanding 
comparatively rough handling, and being turned on its side ana 
inverted. The difficultieb of designing such a vessd weie ejNH 
siderable, and the form of apparatus funown in the aooompanying 

• PMI. jr«f Ost 1906. 
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diagram was gradually evolved, additions and alterations beiiig 
made to overcome working difficulties as they arose. 




The general description of the apparatus is as follows. A 
central cfiarged rxi (jf piano wire, with a platinum tip, is fixed in 
a small rod of block amber insulation, which is supported in a 

brass cup, kept in electrical contact with the case, except when 
the insulation leak is being measured. The device at the top is 
to cbai^ and discharge the insulated rod, a plunger with a plati- 
num disc being employed for this purpose. When not in use 
a nut may be screwed down to hold it firmly in position, and 
thus close the air inlet. Outside the plunger is a brass tube, to 
prevent electrification. This is surrounded by an ebonite tube, 
outside which is a guard ring, kept earthed during readings. 
The top of this guard ring is in the form of a disc, to protect the 
insulation under the fiauge, on the perfection of whicii the 
accuracy of the readings depends. Two brass caps slide on over 
the top and bottom attai huients, and being carefully waxed down, 
render the apparatus air-tight during runs. The piungei may be 
connected to the battery by means of a tapered plug, fitting in 

YOb. mL VT. III. 12 
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the hole bored down the centrd. The drying agent used is caldini 
chloride, wrapped in four small linen bags, resting tn pooroelui 
trays, and kept in position by means of an electroatatic acnen, 
soldered to the inside of the cylinder. In setting up the Tessdi^ 
of which there were two, great care was taken in preserving the 
utmost cleanliDess and freedom firom contamiDation with iadio» 
active materials. Except for the central rod, all metal parts were 
of brass, the sides and top being about 2 mm. in thickneaa. All 
metal to metal joints were soldered, the others being made wxlh 
a marine-jp^lue preparation. The diagram is drawn to scale. The 
volume 01 ionized air is 510 cc. 

The method of usbg theae vessels was as follows; the case 
being supported on a stand connected to earth, the central rod 
was charged to an accurately measured potential, usually between 
400 and 410 volts. The top cap was then replaced and waxed 
down, and the ves«el set in the place where the ionization was 
be measured. After remaining there for several hours it "as 
placed on an insulated stnnd, connected with one pair of quadramts 
of a Dolezalek electrometer. After separating the quadrants th*^' 
central rod was charged by means nf the plunger to the original 
voltag^e. This resulted in the central rod acquiring a quantity 
of electricity equal to that carTied away by the total ionization 
current during the experiment, and an equal charge of like sign 
being repelled to the quadrants of the electrometer, aud measured 
by the deflection. 

The object in making two similar vessels was to eliminate if 
possible the effect of any diurnal variatidn in the natural ioniza- 
tion, by always exposing one umier 8iiiiilar coadiUons, the other 
being reserved for measuring;' the leak under varying circum- 
stances. It was soon found, however, that the ratio of the two 
ionization currents under apparently identical conditions was not 
i n ore constant than the currents iiidividually. After this was 
shown to be the case both vessels were utilized in examiuio^ vary- 
ing conditions, the one being a check on the other. 

It was originally intended to send the vessels up attached to 
a ballooQ or kite, but this plan waa abandoned owiug to the 
difficulties and danger of operating in this manner iii the neigh- 
bourhood of a large town. The method Hrst adopted was to 
experiment with the vessels on the roof, shielding with lead 
screens, first from above and then from below. Experiments were 
earned on in this manner for a considerable time, but no reliable 
reaiilta were arrived at. There were strong indications however 
that the radiation was more intense from below than from abova 
The measuremento ahowed a reduction of about 12V» when the 
apparatus was shielded from below and from the sides by heing 
placed in a cop-shaped lead-casting one inch in thickness. When 
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this cup was inverted and placed over the top of the veBBel no 

certain alteration in the ionization could be detected. 

Although the above nxprriments did not yield conclusive 
evidence on the subject of ttio radiafion from the atmosphere, they 
showed that the radiation on the roof was not the same as that 
inside the building, being at least 20% less than the radiation of 
a similar character inside the laboratory. This incrpRsed radiation 
inside the laborafory is not due to the fact that the building has 
been used for experiments with radium or similar materials, for 
the vessels when expo?»e«i iii the rx ins of a private house showed 
if anything a trifle higher ionization, — certainly not less. The 
exphinaiion of the results up to this point is clearly that any 
radiation which may be coming from the atmosphere is less 
intense than that coming from the materials used in the construc- 
tion of the building. 

The method of shielding the vessel from two directions on the 
roof not yielding results with sufficient rapidity or certainty, the 
next plan which suggested itself was to bury the apparatus, and 
compare the leak unoer these conditions with that observed when 
the veflsels were exposed on the roof. In the one case the earth 
sarronnds the vessels on all sides; in the other the atmo^hexe is 
shove the horizontal plane, solid material helow. Comparing the 
ionisation under the two conditions should supply data for esti- 
mating the ratio of the activity of the earth to that of the 
atmosphere. Experiments carried out in this way show that the 
difierence in ladifttion under the two circumstances is veiy small, 
if any exists. This however does not prove conclusively that the 
radiation from the atmosphere is of the same order as that from 
the earth, as there is always the possibility of the suriaoe of out* 
door objects giving forth a penetrating radiation to a greater 
extent than the unexposed portions^ The uncertainty in oonnec- 
tion with this point has up to the present prevented definite con* 
dusimis from being drawn as to toe activity of the atmosphere. 
It is intended in continuing the work to test this point experi- 
mentally if possible. 

Experiments were carried out with the apparatus submer^ped 
3 feet below the surface of the Emmanuel College swimming 
tank, which is about 7 feet deep. The ionization under these 
conditions is about 12% less than when the vessels are exposed on 
the roof. Comparing the results obtained indoors with those ob- 
served with the apparatus submerged, they show a reduction similar 
to that obtained Dy McLennan*, and the writerf, by shielding the 
ionization vessels with water, working indoors. \S hen the vessels 
were allowed to 6oat with their tops dush with the surface of the 

* FhO. Mag. 1. p. 419 (190d). t Loe. eit 
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pond, the looizatioQ increased between 5 and lOVo- Siispeuding 
the apparatus by a wire over the surface of the pond gave results 
similar to when the vessels were exposed on the neighbouring 
lawn, or on the roof of the laboratory. This increased radiation 
rnay be due to the banks of the pond, and ihc presence of a large 
number of trees in the immediate neighbourhood. 

The theory hits been siigsfested that all substances may gi\ e n*<? 
to a penetrating radialiun, and that the ratio of the amount of 
this activity to the density of the substance may vary in ditferent 
materials. When an ionization vessel is surrounded on all sides 
by a thickness of any substance suthcienr to absorb all external 
radiation, the ionization in the enclosed gas assumes a definite 
value, which depends on the ratio of activity to density of the 
shielding material, and which is unatFected by additional layers of 
the screening substance. Under such circunisLances the greatest 
reduction in ionization observed has been 35 7o of the value 
obtained when the apparatus was unscreened indoors. How much 
of the remaining 65^0 is due to a penetrating radiation from the 
screening material, and how much is due to a radiation of a more 
easily aworbed type from the walls of the vessel, no experiments 
up to the present have indicated. The results so far show that 
in water, lead, iron, and possibly the atmosphere, this ratio of 
activity to density is small, but there is no means oi estimatbg 
how near zero this ratio i& The results are merely compaimtifeL 
The experiments np to the present with the apparatus bnrisd 
have not been sufficiently extensive to draw accurate conclasioDS 
from, but there are indications that for earth this ratio is higher 
than for water, iron, and lead. 

The results obtained up to the present may be summarised as 
followa The penetrating radiation inside buildings is sJbout 25*/« 
greater than that outside on the roof. The iomsation with the 
vessel on a lawn and suspended over the surfiuse of a tank is 
proximately the same as on the roof. Submerging the apparatus 
to a considerable depth in a spring-water tank further reduces the 
leak by about 12*/», the reduction not being so great with the 
apparatus floating on the surfoce. The ionization with the vessels 
buried about a foot in the ground does not differ greatly from the 
results on the roof. 

The work is being continued. The author wishes to express 
his sincere appreciation of Professor Thomson's unfailing interest 
and many useful suggestions during the course of the work. 
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A suggestion as to the nature of the " walnut " coTub iri Fowls, 
By W. Bateson, M.A.. F.RS., St John's College, and E. C. FuNliBXT, 
MJL, Gonvilie and Caius College. 

[Beeeived 3 June 1905.] 

In Report II to Brdntioii OomiDitlee of the Boy* Soe.» 
p. 109, we diRcossed the problem of Malay or "walnut'* oomhe m 
ibwb on tbe supposition that the fimr types of oomb, ebgle (A 
pea (p\ rose (r\ end "welnnt" (rp), eie ellelomoiphic to eaen 
other. 

The fiuite ere (I) that r xp givee in J*! a sygotic oombina- 
tkn rp, which differs in oesentiiu naturse ftom any other kind of 
eomb. espeeiaUy in the preeenoe of feathers or hairs on ite snrfeoe 
usually disposed as a tiansverse band. 

(2) That the gametes of this are of four types, r, p, rp, in 
ei^aal numbers, which is proved by the resalt of breeding the 
with a aingle. Similarly ^ixiV gives an average of 9rp, 8r, 
%». U 

(8) The rp birds in may then be pure rp ; or they may 
give off only r and rp ; or only p and rp ; or again they may bear 
gametes of all four types. We have thus far failed to find any 
mdividuaU that give only rp and «; or to distinguish any class 
as the product oi rpxs from those which are the product of 
r xp. 

The rp gametes were regarded as true examples of gametic 
synthesis, and the appearance of s, absent from both pure parents, 
was treated as due to a resolution or break-up of either the r, 
the p, or both. A much simpler and probaibly more correct 
account has since suggested itself which it is the object of this 
note to consider. 

This suggestion will be made more intelligible by describing 
the way in which it was reacheil. Certain experiments on Primula 
8ineiis-is made by R. P. Gregory in conjunction with W. Bateson 
had showD that short style, or thrum, is dominatit to lung style, 
W pin. In addition to thene two t^pes a condition is known 
which, following Darwin, we have called homostyle. In it the 
inthers are at the level proper to pin, but the style does not pass 
through them, and the stigma is at the level of the anthers, the 
whole style having the length proper to the thrum type. The 
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pollen of bomoBtyles b of the pin type. The oorollaa, however, 
are peculiar in that they always have a yellow flush which extends 
the "eye" far up the petals (whence the hoBt known homofltjie 
attain derives the name of " Primrose Queen 

In the course of the work thrum was crossed with homostyle, 
giving Fi ordinary thrum without the yellow flush. But i^, oon- 
sistedof four types: (1) thrum without yellow flush; (2) thrum 
with yellow flush ; (3) pin without yellow flush ; (4) homostyles 
wiUi yellow flush. The ratios were evidently 9 : 3 : 3 : 1« The 
form pin, not introduced as an original parent, thus appeaiB in Ft 
as a novelty. 

The interpretation is obvious. The alleloraorphic pairs are 
clearly two. (1) Ti.ru rn { D) and pin (ii). ( i^) No yellow flush {!)) 
and yellow Hush (R) ; and the hoinostyle is merely a zygotic state 
occurring when yellow flush and pin coincide. The pin therefore 
appears as a novelty hy the meeting of pin and "no yellow 
flush." 

This observation naturally suggested that the single conib in 
F^ from 7' xp might have a similar inode of origin. ApplyiQg- this 
hypothesis the original parents, r and p, are regarded as respec- 
tively rose + no-pea, and pea -f no-rose. The allelomorpLts are 
(1) rose and absence of rose; (2) pea and absence of pea. The 
rose and ihe pea characters belong to distinct allelomorphic pairs. 
When therefore r meetd p the zygote would be walnut, and the 
single is regarded as constituted by the meeting of gametes 
bearing neither rose nor pea. In this way all the phenomena are 
brought into simple relation with each other and the case is 
exactly co mparable with that of any other dihybrid. This suggestioin 
has the merit that it obviates any appeal to resolution, and thai 
the gametic synthesis apparently ooonrnng in the case of the rp 
character becomes an ordinary phenomenon of dih^biid inheritanoe. 
Finally, the &ct that rxp cannot be distingoished from rpx$ 
finds a ready explanation. 

If we do not look beyond the special case of the walnnt oombs^ 
this account seems so complete as to make further discuanon 
unnecessary. We can only express surprise at our failure to 
perceive it sooner. This Mlure was of course due to the pre- 
conception that the types of comb were definite entatiee alternative 
to each other^ while, as is now evident, the presence of a giYeo 
modification must be regarded as allelomorphic to the ab&enof 
of the same modification. The essential feature of the rose comb 
is its papiliosity, while the ridges mark the pea The single comb 
is thus to be regarded as a comb into which no such additional 
element is introduced, being neither papillose nor ridged, and is 
thus a factor common to all the other types, rose, pea^ and 
walnut. 
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Previously we had regarded the allelomorphism as existing 
between the various factors which caused the comb to be either 
rose, pea, walnut, or single. The critical point of difference 
between the two views lies in the way in which single is regarded. 
While formerly we treated it as a positive condition segregating 
from the others, on what we may call the presence-and-absence 
hypotheni it is to be recognized as the origmal state into which 
the fiMStor— or pangan, if we use de Vries' term — ^for rose, pea» etc.» 
has been introdnoed 

l^noe the x»tioi» both of chancters and hereditary powers, are 
identical in both cases, simple experiment does not duNsriminate 
between the two poanbilities; though certainly if aJl the different 












to ^ve ainglea in from roae or pea^ the 6ot will tell 
distinctly m &voar of the piesence-and-abeence hypotheaia 

In spite of the great simplification which this conception 
effects, there ate certain difficulties besetting it In the first 
place it is not readily conceivable that rose and pea are in reality 
nothing but rose elements on a basis of single comb, or pea 
elements on a basis of sinele comb. This difficulty is especially 
great in the case of the Indian Game hen and the Malay hen, for 
in each of these the comb is so low that it can scarcely be regarded 
as formed merely by the moulding of even a low single comb into 
the pea or walnut shape. An extreme difficulty of a similar kind 
is presented by the fact that the walnut comb has special chame- 
tenstics not present in either rose or pea, notably the haira or 
fathers on its surface. We must recognizt , thereforn, that if 
these forms are produced by the addition of shape-elements such 
as rose, or pea, or both, the result is not merely that which would 
be expected as the conse<juence of simple addititms. 

If we take a somewhat wider range and consider the possi- 
bility of applying such presLnce-and-absence hypotheses to the 
phenomena of heredity at large further difficulties are encountered, 
to which it may be well to make reference now. For example, 
the phenomenon of dominance on the part of a negative character 
IS difficult to reconcile with this conception. Such a case occurs 
e?en in the combs, for the Fowl x Pheasant is declared to be 
always without any comb at allf. Striking cases have been 
isooffded by fiiffen^ in Barley crosses, where the absence of female 

* Mr C. C. Hargt Has guggested to na that a particularly interesting eiperinient 
<m this point oould be made by oroAting Uie Breda fowl with rose or pea. The 
Breda is dmt ri M ae baYiag no oomb, but % oonttivil^ to iti place. In it the 
Vattleg are represented as of the size proper to an ordinary ■ineld'OOailMd fowl. 

t See lor inetanoe Tegatmeier, The Foultry Book, ldd7i p. 106* 

X BUbn, B. H., Jotir. Agr, Sci.t 1906, i., p. 266. 
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organs in the lateral florets, and even absenoe of the lateral florals 
altogether was found to be dominant over the presence of InllT 
developed flowers. DonbtleBS the statement ocmld be inTerted, 
and it oould be suggested that the absenoe of the florets, eta, wm 
due to the presence of some element which prevented their growth, 
but that would be to abandon all judgments based on the aetaal 
appearances, and the terms would become meaningless. 

The next question is whether hypotheses of pmnmnffe anH- 
abamice provide a substitute for the coucepticm of componiMi 
allelomorphs. In many cases it is likely that characters at first 
sight reckoned as compound will prove to be made up, like the 
walnut comb, by the co-existence in one sygote of elementB 
belonging to distinct allelomorphic pairs. 

For instance, the colour of a flower, made up of both sap- 
elements and plastid-elements, might pass for a compound character. 
Here a disproof is easily obtained from the fact that such a flower 
when crossed with white will give in the four types, s^ip-colour 
alone, sap coIdut + plastid-colour, white alone, plast id-colour i^lone. 
CoDverseiy a red crossed with creain (viz. plastid-colour) will give 
some whites in F^. as in Sweet-peas and Stocks*. But that there 
are Inmia to the extendi' m of this principle is sngi^^estcd, e.g. by 
the class of cases in w^hich F, contains a nuinber of new tvpei», 
though one of the original pure types may not reappear. Such a 
case is that of Brown Leghorn x White Leghorn, which gives in 
Ft cuckoo, slaty, pile, etc., but the Brown L^hom colour has not 
reappeared in about 500 chicks. 

Other cii&Qs with which any hypothesis of the mere presence 
aiid absence of cliariw::ter9 cannot apparently deal are to be lound 
among the phenomena uf reversion and the peculiarities seen m 
the behaviour of extracted types ; but until the evidence on thia 
part of the subject is more complete it can scarcely he prohLably 
discttsseQ* 

* JBoy. Sec. JNwI. Cm* JUp., 1905, xi., pp. 97 sad St. 
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The Absence of leomeriem %n mbstitiUed Anmonium Com^ 
pounds. By H. O. Jones, MJL. Clare College. 

[Seeeived 15 July 1905.] 

Becent work on quinquevalent nitrogen compounds has shown 
that no stable isomerides, other than optical isomerides, exist 
except in the case of the a and f3 phenyl-benzyl-methyl-allyl- 
aminonium compounds discovered by Wedekind. The a. cnmpoiind 
is formed in two ways by the addition of benzyl or allyl iodide 
to the corresponding tertiary amine, while the 0 compoun ! i^^ 
formed by the action of methyl iodide on benzyl-allyl-aniime. 
It has of late become impossible to reconcile the existence of 
these stercoisomerides with the absence of isomerism in a number 
of similar compounds, and the writer has examinerl the /S iodide 
in the hope of gaining further knowledge as to the nature of the 
isomerism. 

If the >3 iodide be stereoisomeric with the a compound and, 
further, if it behave similarly in chloroform solution, namely, 
dissociate partially into benzyl iodide and methyl-allyl-aniline, 
then in chloroform solution 0 sliouid be transformed giadually 
into a, since this is formed by the union of benzyl iodide and 
methyl-allyl-aniline. It was found that a chloroform solution 
of smelt strongly of benzyl iodide, and yet that the /3 iodide 
could be recovered unchanged even after the solution had been 
boiled and allowed to stand for a week. 

ii is therefore extremely probable that there is a structural 
difference between these compounds. 

Uantzsch and Horn (Ber. 1902, 36. 883) state that the /9 com- 
pound is unsaturated because its chloride unites directly with 
bromine and decolourizes potassium permanganate solution, neither 
of which reactions is given by the pure /3 compound. 

The writer has round fay analysis (in previous analyses the 
nitrogen and iodine only had been estimated, and the latter 
wrongly) and a careful examination of its properties and reactions 
that the so-called phenyl-benzyl'methyl-allyl-ammonium iodide 
ia xeally identical with phenyl^benzyl-diinethyl-ammonium iodide 
weviously described (Proa Vamb. FhU. 8oc. 1901» XI. 113. Trans, 
Chem. 8oG. 1903, 83, 1409). The reaction between benzyl-all) I- 
aniline and methyl iodide in which allyl iodide is removed is 
therefore abnormal. 

Since the isomerism observed in certain hydrindamine salts 
by Kipping has been shown to be dne to the acid, there is no 
known case of stereoisomerism, again excepting optical isomerism, 
in substituted ammonium compounds containing only one nitrogen 
atom ; and, judging from the large number of negative results, 
it is extremely probable that such isomerism does not exist 

12—5 
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The rate of raeomMiafioii ami dm of gamouo tons. By 
J. J. Thomsok, M .a., CSavendish ProleaBor of BzperimeiiUl 

Physioa* 

[Bead 1 Maj 1905.] 

If two oppositely chaived ions start firom rest, the attraction 
between them wUl cause them to run together, they will form a 

permanently connected system and cease to act as ions. If, 
however, the two ions instead of starting from rest start witli 
high velocities, then though they will approach erjch other, their 
momentum will cause them tn separate again ; they will not form 
a single system, but will contmuc to art as ions. Now, if the 
charged ions possess on the averai^e the same kinetic energy as 
is pos5?essed by the molecules of the gas m which the ions cx^ctir 
they will be moving with very eanRiaerable velociti^ Consider 
two ions the one positively the uther ne^tively electrified; 
they will attract each other with a force varymg inversely as the 
SQuare of the distance between them ; we know from the theory 
01 central forces that if when the ions are at a distance r apart, 
the kinetic energy due to their relative motiou is greater than 
«*/r (where e is the charge on an ion), the ions will not descr.H^ 
closed orbits round each other, but will separate and ultimai^iy 

fet an lufiuiLe distance apart, they will therefore not recombine. 
f, however, the kinetic energy T is less than e^Jr, the particles 
will revolve round each other and recombine. Thus for recom- 
famation to take place the urns must approach within a distance /, 

such that T< - or r<7p. Since T only depends upon the 

temperature, the limiting distance will be the same for all ion>. 

Since T is the average kinetic energy of two ions, we have, 
by the Kinetic Theory of QaseS) if N is tne number of molecules 
in a cnbio centimetre of gas at a pressure p, 

p^iNT, thus T^^piN and e^jT^N^J^ 

At atmospheric pressure and 0° C, 

jys-l-22xl0»« ««3'5xl0-"; 
thus Nf^l^p =■ r ■» 14 X lU^ cm. 

Thus for I'eoombination to take place the two ions most 
approach within a distance 1*4 x 10~*cm. This distance is ox* 
ceeding^y small oompared with the averege distance between the 
ions in any known case of ionization. 

To find how long an ion will be before it comes within this 
distance of an oppositely ohaiged ion, let F be the ayernge 
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velocity of translation of one ion relatively to the other ; in the 
time t the ion will move through a distance Vt relatively to the 
oppositely chafed ion, and every point inside the cylinder^ whose 
votome IS irr*V^ will be at a distance not mater tluin r from the 
ion at some point of its path. Thus, if there are n positive and 
n ne^tive ions per unit volume, the ion in the time t will come 
within combining distance of nm^Vt oppositely char^ped ions. 
Thus the number of recombinations per ion per second is wrrt^V, 
and since there are n ions per unit volume, the number of re* 
combinations per unit volume per second is r?%r'F! But if a is 
the coefficient of recombination, this number is by definition equal 
to OTi^ thus a^-^V. or siib?titnting the vahie of r, 6'1 x 10 "V. 
If the ions in hydrogen had the same mass ;is a hydrogen mole- 
cule, V at 0°C. would be y2 x 1-8 x 10* and a 15 x lO"*. This 
i** the right order of magnitude for a, as at atmospheric pressure 
a fur hydrogen, .iir and carbonic acid is about 10"^. We should 
expect the value of a determined by the equation a=:6'l x 10~^^V 
to be tin. small, for in determining it we have neglected the effect 
of the surrounding gas on the motion of the ion ; this gas will 
act like a resisting medium and will cause some ions to fall 
together which would otherwise have escaped from each others 
action. We should exp»'ct that the effect of the surrounding gas 
would be ^TcaL(jr at high pressures than at low ones, so that a 
would dimmish with the pressure, a result shown very clearly m 
liangevin's experiments. Since the equation a = 61 x 10~"F 
mnst give too small a value for a, while the value got by this 
equation on the supposition that the mass of the hydrogen ion is 
equal to the mass of the hydrogen moleenle is slightly too large, 
we infer that Ffor the hydi o^en ion must be less than V for uie 
hydrogen molecule, this requires the mass of the hydrogen ion 
to be greater than that of the molecule; the near agreement of 
the theory and experiment indicates that the mass of the ion is 
not a multiple of that of the molecule. 

We have assumed that the kinetic energy of the ion was 
determined by the temperature of the gas, this will be the case 
when the electric field is weak, so that the velocity acquired by 
an ion under the field is small compared with the average velocity 
due to temperature. In electric fields strong enough to produce 
dischfiu^e the Telocity due to the field is much greater than that 
due to temperature, and the kinetic energy is much greater than 
that aaiumed in the preceding calculation. The value of a in 
this case will be very much less than the value we have calcu- 
lated, and we see that the value of a will diminish rapidly as the 
strength of the field is increased. 

Let U9 now find the rate at which a charged molecule would 
combine with an uncharged one to form a complex ion containing 
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two molecules. In order to ^pi niimeriail results we shall aJ?STime 
that both the charged and the uncharged molecules are conduct- 
ing spheri'S of radius a. If c, the distance between the centre*^ 
of these spheres, is a considerable multiple of a, then the work 
required to separate the spheres to an intiuite distance is «^proxi' 

mately ^ - . , and if the molecules are to remain paired thk 

must be gi'eater than their kinetic energy. We have seen that 
mV^, the kinetic energy of two molecules at 0"" C, is equal to e^jr 
when r s I'B X 10~^, hence for union to take place c must be le^ 

than (J ab')K If we put a = lO"" cm., c must be less than 27 x 1(K 
Thus, if iV is the number of molecules, n the number of ions per 
unit volume, the number of complex ions formed per unit time 
pr unit volume is 'n-Xn(2'7 x 10-»)*F. The fiactor 7r(2'7 x IQ-^f 
IS about 1/2*5 x 10* of the factor in the expression for the rate of 
recombination of oppositely charged ions. The smallness of thi» 
factor is, however, far more than compensated by the enormous 
excess of molecules over ions; the ionization would have to be 
very intense indeed for the number of ions to amount to 1/1(P 
of the number of molecules ; thus N will be at least 10" times «, 
and therefore the number of combinations between a charged and 
an uncharged molecule will in a given time be at least 5 x 10* 
times the number of combinations between oppositely charged 
ions ; hence at the very beginning of its career the charged mole- 
cule will recombine and form a complex ion : thus a charge ^\\\ 
be carried by the complex ion during practically the whole timtf 
of its existence as a free charge. 

Limit to the size of a gaseous ion. After the charq-ed molecul>: 
has increased in size by attracting another molecule, the work 
required to drag an additional unchargt rj inoleculp away from it. 
starting from a given distan^^e, will be K'<s than the work required 
to drag a molecule from a ^iiigle charged liiulecule. The more 
complex the ion becomes the less is the work required to drag 
an uncharged molecule away from it; at a certain stage of 
complexity the work required to drag a molecule from the ion 
is less than the kinetic energy possessed by the system in virtue 
of its temperature, when this stage is reached the ion will cease 
to attract fresh molecules. 

The work vj required to separate an uncharged sphere of radii:> 
a from a chai ^red sphere of radius b, the spheres beiug all buL in 
contact, is (set. Maxwell's Electricity and Magnetism, voL L p. 275) 
given by the equation 

1 ^ 1 e> 

w 
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where *y- 57712, 

t(fl:) = ^logr(l+a;). 

TiUes by wbieh we can oalonlate -^(x) are gim in De 
M omn*8 Differmtial and Integral Cakulus, p. 687. 

From these taUee I find tbe following valnes for the work w, 

^-156 i- 

Now the nraoen of aggregation will stop when 10 hecomet 
lev than the kinetic energy of the system, which at 0^ C. is equal 
to ^Jr, when 1*8 x 10*1 

Thosb if a*10~*, the work required to separate a molecole 
from an ion whose radius is 2a is greater than ^/r, but tbe work 
reauired to separate a molecule from an ion whose radius is 8a 
is tees than ^/r; hence in this case the radius of the ion cannot 
eiceed three times the radius of the moleoula K a«>l(^cm., 
the work ret^uired to separate a molecule from an ion whose 
radios is 8a is leas than s*/r; hence in this case the radius of 
the ion cannot exceed twice the radius of the molecule. The 
larger tbe molecule the smaller will be the ratio of the size of 
the ion to that of the molecule, with very large molecules it is 
probable that the molecule and the ion are identical. The ions 
m dififerent gases will thus not differ so much in siae as the 
molecules of the gases. Since the kinetic energy is greater at 
a high temperature than at a low one, the process of the aggre- 
gation of molecules in the ion will stop at an earlier stage the 
higher the temperature^ so that the ions will be simpler at high 
tempeimtures than at low ones. 
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THE SESSION 1904—1905. 

ANNUAL GjEID^EKAL MEETINQ. 
October 3ltt, 1904. 
In the Opfcioal Leotnre Room. 

Dr Bakmb, PftimnT, nt tbm Graib. 

The following were elected officers for the ensuing year : 

FmiderU: 
Trotmm>T Marshall Wani 

Vice-FremcUrUs : 

Professor Thomson. 
Professor Liveing. 
Dr K W. Hobeon. 

Treasurer : 
Mr H. NewalL 

iSeereUurui: 

Mr A. E Shelley. 
Mr G. B. Mathews. 
Mr P. y. BeTaa. 

Other Members of the CouncU: 

Mr H. J. H. Fenton. 

Mr A- Berry. 

Dr J. E. Marr. 

Mr D. Sharp 

Professor Larmor. 

Mr W. C. D. Whetbaro. 

Mr O. H. F. Nuttall 

Mr F. H. yeriUe. 

Mr 8. RnbeiiMniL 

Dr Anderson. 

Mr A. Hutchinson. 

Mr F. F. Blaekmen. 
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The Dftines of the Bene&ctora were reoited. 

The loiiowing was nominated an Aaaooiato ot the Society : 

R N. Bwell, King'a GoUega 
The following Communications were made : 

1. On the Dimorphism of the English speoiet of IfummnfHiei. 
By J. J. LmTBH, H.A.» St John'a College. 

2. A problem concerning Wood and lignified Ceil-walis. By H. 
Habshall Ward, So.D., P i Sfe e a or of Botany. 

3. The Pine-Apple Gaii of the Spruce : Note on the early stages 
of its develcqpment. By £. K. Buedon, B.A., Sidney Sussex College. 

4. Note on some peculiar Features in S ec dKngp of P^eramia, 
By A. W. HiiXi M.A., King's OoUega 

5. On certain Quintic Sur&ces which admit of Integrals of the 
First Kind of Total DifferentuOs (Seoood Paper). By A. Bbbbt, M.A., 
King's OoUege. 



Jfmmmber lUh, 1904. 
In the Oavendish Laboratory. 

Pbovwor Mabshall Ward, FRniDiwr, ih thi Chair. 

The following were elected Fellows of the Society : 

N. R. Campbell, B.A., Trinity Coliege. 
J. H. field, B.A., St John's College. 

The following Oommunieations were made : 

1. The charge of the a raya from Polonium. By J, J, ThoMSOX, 
M.A., Cavendish Profesaor of Experimental Physics. 

5. On the dynamical significance of Kundt's Law of selectiTO 
Dispersion in connexion with the tranamission of the energ>^ of Trains 
of Dispersive Waves. By J. LAiuioit, M.A.| Lucasian Professor ol 
Mathematics. 

a. The ohkriBatkm of a Fiooline. By W. J. Siix^ M.A., Christ's 
Colkga. 

i. An attempted syntbesli of Uxk AekL By H. J. H. Femton, 
H.A., Ohrist^s CoUege. 

5. The diffusion of Hydrogen through Palladium. By 0. W. 
Richardson, M.A., Trinity College. 

6. Optically active Nitrogen Compounds. By H. O. JoXM| If. A., 
Clare College and Miss M. B. Thomas. 
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NmrnOtt SM, 1904. 

In the Optical Lecture Ko(»d. 

PftOVMOB MiBtWALL WaRD, PsIBIOIVT, IV TBB CbADU 

The following were eleetod Fellowe of the Sodeiy : 

J. J. £. Durack, B.A., Trinity College. 

W. Q. Feamndee, M.A., Sidney SiiMez Ooll«geu 

The Idlowing wae eleefeed en Kmstmkm 9l the Soeiety : 

H. N. Russell, King's Ck>llege. 
The following CommnnioationB wece made : 

1. Remarks on Firoplaamosin with exhibitioD of specimenB. Bj 
O. H. F. NuTTALL, M. A., Chri8t*8 College. 

2. Exhibition of new and rare Arachnids taken near Cambridge 
By C. Wabburton, M.A., Christ's College, and N. D. F. Fsaxci»M.A^ 
Trinity College. 

3. The Inheritanee of Tortoiseehell and other Ooloiurt in Ghfta 
By L. DmroAinw, M.A., King's College. 



JamMry 30<^ 1905. 
In the Cavendish Laboratory. 

PbOFMOE MABtHAU. WAftD» FUttOIIIT, OT TBI ObA»» 

The following were elected Fellows of the Society : 

B. HopkiuHon, M.A., Trinity College, Professor of Alechaniaui and 

Applied Mechanics. 
8. A. MoDowell, B.A., Trinity GoUega 

The following CSomnraniisAlaone were made : 

1. On the non-electrification of y-rays. "By J. J. TBOinoir, ILA., 
Oavendiah Professor of Experimental Physics. 

2. Are metals mnde radio-active by the influencf; of Radium radia- 
tion? By J. J. Thomson, M.A., Cavendish Professor of £xpenioenUi 

Pliysios. 

3- Note on the positive leak from hot Platinum in Air. By 
O. W. RioRAMMOii, M.A., Trinity OoUega 
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4. Ai« metals made ndio-ftotive by tbe iaflnenoo of Ridiiim 
vi4ialiont By FhxfeiBor BumraAD. (Commaiiioftted by Fkoleasor 
rhomaoiL) 

5. Some methods of increasing the Spark length of the Wimshurst 
Machiiie. By B. J. Palmeb. (Communicated by Professor Thomsoo.) 



February 13^ 1905. 

In the Optical Lecture Boom. 

PROFEssoii Marshall Wabd, PK&tiiD£NT, in thie Chair. 

The loUowing wm elected a Fellow of the Sodetjr : 
K. LuoM) B.A., Trinil^ College. 

^le following Communicationa were made : 

1. OrthogODal and other ipeeial eyateme of Inwunts. By 
Major P. A. MacMahoh. 

2. Reduction of generating functions by means of complex inte* 
gratioQ. By G. B. Mathews, M.A., St John's Coll^ 



February 27th, 1905. 
In the nniveraty Chemical laboratory. 

Mr F. H. x^i^VlLLE IN THE CbAIR. 

The foUowing were elected fellowa of the Society : 

B. H. Biffen, M.A., Emmanuel College. 
E. H. Hankin. M.A., St John's Uollege. 

The lollowiBg OomnmntcatioDS were made : 

1. Soluble sodium dihydroxytartrate. By H. J. H. FurroN, 
M.A., Chmt s College. 

2. Studies on unsaturated Ketonic Compoviida. ByS.RuBiiuinr» 
M.A., QoQTiUe and Oaiua College. 

Uigmzeu by CjOO^Ic 
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3. Some Compounds of Guanidine with Sugars. By R S. Mop. 
RELL. M.A., (jiunville and Caiu8 College, and A. £. Beijlaks, B.A^ 
Magdalene Ck>llege. 

4. The influence of strong electromagnetic fields on the spark 
■pectra of aome met&U. Bj J. K Pubvis, M.A.» tit John s Coilfige* 



March IM, 1905. 

In the Umvemty Chemical Lnboimtoiy. 

Pbofbssob Marshall Wahd, President, m the (Jhaib. 
The following was elected e Fellow of the Socie^ : 

H. T. Ferrar, M.A., Sidney Sussex College. 
The following Commnnicatione were nmde ; 

1. On the relation in size between the m^alosphere and ibe 
mioKWpherie end megalospheric tests in the Nnmmolitea. Bj J. J. 
LiSTiR, M.A., St John's College. 

2. Tlie Penguins of the Antarctic. Bj £. A. Wilson, M.B. 
(Communicated by Mr A. K. Shipley.) 

3. The old Moraines of South Victoria Land. By H. T F>:riar, 
M.A., Sidney Susex College. (Communicated by Mr A. £. Bbipii^.) 

4. Notee on a oollection of Parasites from the Museum Unifsr 
sity College, Dundee. By A. E. Shiplbt, M.A., Christ's College. 

5. On the Maturation of the Egg and early development in (^rtain 
bawdies {TenUivedinidcs). By L. Doncaster, M.A,, King's College. 

6. Densities of the Earth's Crust beneath Continents and OoMDi 
compared. By Kev. O. Fisubb, M.A., Jesus College. 



ifoy Ifl, 1905. 
In the Cavendish Laboratory. 

PSOFBBSOB LiVElMO, ViCE-PbESIDENT, IN THE ChAIB. 

The fullowing Couimunicjitions were made: 

1. On the striation of ihe positive column in discharges through 
vacuum tubes. By J. J. Thomson, M.A., Cavendish Professor of 
Bxpeiimental Physics. 
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2. On tb© rate of recombination and the size of gaseous ions. By 
J. J. Tbomson, M. a., Cavendish Professor of Experimental Physics. 

S. Some physical properties of Sodium Yaponr. By P. V. Bstav, 
M.A., Trinity OoUegeu 

4. A null method of nieaRuring smali ioniiationa. By J^, £. 
Campuu^ B.A.» Trinity CoU^e. 

5. The reflexion of Sound at a Paraboloid. By Rev. H. J. Suaep£, 
M.A , St John's Collega 



May Ibth, 1905. 

In the UniTersity Botanical Laboratory. 

PROFBSSOB Mabshall Wabd, Pbbsidbnt, in tub Chair. 

The foUowing were elected FeUowe of the Society : 

T. G. Bedford, M.A., Sidney Suewx CbUege. 

C. Chittock, B.A., Trinity College. 

J. Aldien Wright^ M.D., Sidney Suwex CoUega 

The following Communications were made : 

1. Exhibition of Lantern Slides of FSingi By H. Marshall 
Wabd^ S&D., Professor of Botany. 

2. Infection phenomena in various species of Uredinete. By 
L B. P. Evans, Sidney Sussex CoU^. (Communicated by Professor 
Marshall Want) 

3b The abortive development of the Pollen in certain cross-bred 
Sweot Ftesi By R. P. CIuqobt, IML A., St John's College. 

4. Crosses between fully fertile varieties of Barley and VHrietiea 
bearing unisexual and sexle^is dowers. By R. H. Biffjkn, M.A., 
Emmanuel College. 

6. The Seed-bearing Habit in the Lyginodendrese. By E. A. N. 
Arber, M.A., Trinity College. (Communicated by Professor Marshall 
Waiti.) 

6. Experiments on penetrating Radiation. By H. L Cooke, 
Emmaiiiiel College. 
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1. A limited number of complete seta of the fint 

Volumes (thirty parts and index) of the Tramtictions is i 
stock ; sets may be obtained on application to the SecreUrii 
of the Society. The price is £20 a set. 

2. The subsequent volumes of the Transactiom may b 
obtained at the following prices ; Vol. xi. £1. 5«. 6d, ; Vol. u 
£1. lOi, 6d ; Vol. XIII. £1. 28, 6d ; Vol. XIY. £1. 17«. 6<i; VdH 
£1. 12$. ed.; Vol. XVI. £1. lOs. ; Vol. xviL £1. ts. Sd,; Yolrm 

Xi. ii. , Vol. XIX. XI. OS. ; Vol. XX. Nos. 1 — 6, 10*. 

3. Complete sets of the Proceedings, Volumes i. — xm., Firf 

1 — 4. may also be obtained uii application to the Secretaries ( 
the Society. 

4. Letters and Communii ations for the Society should \ 
addressed to one of the Secretaries, 

Mr A. E. Shipley, Christ b College. [Biological.] 
Rev. £. W. Barnes, Trinity College. [Mathematicil] 
Mr P. V. Be VAN, Trinity College. [Physical.] 

5. Presents for the Library of the Society should be M 
dressed to 

Tht PhiUmphieal Library, 

New Museuma^ 

Cambridge, 

6. Authors of papers are informed that the Illustrations ai 

Diagrams are executed as far as possible by photographic •'prooai 

work, 8o drawings should be on a large scale and on ^smooth whil 
Bri&tol board in Indian ink. 

7. Members of the Society are requested to inform 
Secretaries of any change of address. I 
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On a Well-sinking, at Graveley, mar Huntingdon. By the 
Rev. 0. FwHEE, M.A., F.G.S., Hon. Fellow of Jesus College. 

[Read 30 October 1905.] 

The position of this well on the six-inch Ordnance Map is half- 
way between the "R" in "Rectory" and the "B" in "B.M. 154-5," 
which figure may be taken as the height in feet of the locality 
•bove Ordnance datum. It seems desirable to put on record the 
iteta which have been proved in this an extreme western corner 
of the county of Cambridge. 

The work was started in the spring of 1905, under the advice 
of a w«ter-finder. The dnking was begun io Bouldor clay, and 
after poasing through 50 feet of this the Oxford clay was 
eDooantered. This waa du2 into to a depth of 94 feet from the 
iQr6ce, and tlieii bored lur&er to the depth of 802 feet from the 
iorfiMse. A bed of atone, probablv ConiDraah, waa now reached, 
ind was punched through for if feet. A foot more waa then 
bored in clay, when a hard rock was encountered, and the work 
waa abandoned. 

The section then was^ 

Boulder clay 50 

Oxford clay 252 

Cornbrash IJ 

Clay 1 

Bock (thickness not proved) 
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A little water came into the bore hole, and it was salt. 

I have visited this well twice, once on July 5, when the Boulder 
clay had been pierced, and the boring was in progress in Oxford 
c\a.y at the depth of 95 feet ; but my son, the Rev. O. P. Fisher, 
who became Rector of Graveley after the work was commenced, 
ha^i previously from time to time brought me specimens. 

I visited the well again October 14, a few days after the wock 
was stopped, and looking over the stuff that had been thrown oot 
found httle thai was new. But I brought away some of the mud 
obtained by punching at the bottom of the bore-hole» thinkbii^ 
that it might afford evidence of the nature of the rock at thit 
depth. It is, however, necessarily mixed with Oiford clay scmped 
off the bore-hole higher up by the action of the rods. This mod 
I have washed, and think that the residue proves that the rock 
did not consist simply of indurated Oxford clay, but was Oolitic* 
A few small fragments which mv son obtained from the workmeo 
point in the same direction, and are very similar to the matrix of 
some Combrash fossils in the Sedgwick museum*. ThisideDti- 
fication is important, as giving the thickness of what remains ni 
the Oxford clay at the locality. 

The Boulder clay is of a dark blue colour when wet, aod 
somewhat sandy, full of rounded and scratched pebbles of chslk, 
mostly small, a few larger pieces like potatoes, bits of sbarpljF 
broken black flint, but no flint pebbles. Red chalk was not 
uncommon, and bits of Kimmeridge shale, highly inflammable. 
The rocl<8 were almost rntirely cretaceous or Jurassic. Mr llarmer, 
however, reported carboniferous limestone amnng some specimeos 
sent to him Rome larger stones were found towards the bottom 
of the Boulder clay which were probably derived septaria. 

Many boulders are to be seen scattered about the villaije. 
T noticed a block of a basaltic rock, and a well scratched pie« 
of carboniferous limestone, at the entrance to Mr Ashcroft's 
farm. 

The Oxford clay contained many rather undersized shells of 
Gryphea dilatata with both valves united. 

The Combrash consisted chiefly of comminuted shells with a 
few Oolitic grams. Occurring, as it does, 150 feet below sea level, 
the colour is dark instead of the brownish-} ellow one comuionly 
finds in Oolitic stone. This is, I think, the iirst instance 
of a member <^ the lower Oolites being met with in Eut 
Anglia. 

I was told that water had been readied at (he depth of 
60 feet at Yelling, a mile to the south of Qraveley. I think 

• From Xurvej b miles W.N.W. from BedXurd, on the western oonfinei 
BwUbtddiim. 
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it is possible that the 8ur&ce of the Oxford day inay sink down- 
wards io that direction, forming a shallow basin so as to hold up 
water in the base of the Boulder clay^ which there seems to be 75 feet 
thick. There is at Yelling a natural chalybeate spring called 
Nill well/* which rises at about 100 feet above Ordnance 
datum. 

I have hitherto been inclined to think that the Boulder clay 
of £ast Aoglia has been deposited from floating ice, having 
formed my opinion mainly from what I have seen in the contorted 
drift of the Norfolk cliffs. But the Boulder clay at Graveiey has 
a different character; and it is difficult to account for the rounded 
and sci-atched lumps of hardened chalk, of Kimmeridge shale, and 
other rocks impacted in it, except on the hypothesis that it has 
been shoved about in all directions in mass. The smallest en- 
closiires bear scratches pointing in evcrv direction upon their 
surfaces. This is very noticeable on the scraps of Kimmeridge 
shale. 

A somewhat corroborative piece of evidence is that the 
Boulder clay reposed upon an indurated layer in the Oxford 
clay, the Boulder clay having apparently sheared off the softer 
clay till it was arrested by the harder rock. 
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On a Portable Gold4€af EUdnmeler for Law or HM Paten- 
iiak, and Ue cmpUeation to Measurements in Atmospheric SlectricUjf, 
By 0. T. R. WiLBON, MJL» F.R.a, Sidney Sussex College. 

[Head 90 Odober 1905 ] 

The instrument has an outer earth*ooiinected case and ao 
inner insulated case supported on the neck of a small qoaiti 
Leyden jar, with the inner coat of which it is ominected, the cater 
coat being connected to the outer case of the instmment For 
ordinary ose the inner case is charged to a positive potential of 
about 50 volts. The insulating power of the Leyden jar is vexy 
high, so that in spite of its comparatively small capacity (leas than 
cms.) the potential does not fiJl more than a small fraction of 
a volt in 24 hours. 

When the gold leaf is earthed its potential diflers from that of 
the inner case ny 50 volts, and is therefore in a deflected position. 
If we raise its potential the deflection will diminish (the ciiaige of 
the inner case being posativeX if we give it a n^^Atve potential 
the deflection will increase. If we adjust the observing microscope 
so that the gold leaf is near the centre of its micrometer scale 
when its potential is zero, the instrument is in condition to 
measure potentials in the neighbourbood of aero up to about 
5 volts positive or negative. For greater potentials tne leaf will 
be outside the field of view of the microscope; over the range 
available the scale is sensibly uniform. If the gp\d leaf be raised 
to a gradually increasing positive potential it will continually fall 
and will pass beyond the scale of the microscope when a potential 
of a few volte has been attained. When the Dotential has risen 
to 50 volts, that of the suirounding case, toe deflection is a 
minimum, and beyond this pNoint it wiU again increase. The gold 
leaf come into sight again in the microscope when the poten- 
tial reaches within a few volts of 100, and at 100 volts will oe the 
same as for zero potential, the difference of potential between leaf 
and case being now the same as at first, the sign being, howcTer, 
reversed The instrument is then available over a second range 
of potentials, say from +95 to +105 volts. The displacement 
of the leaf for an increa.se of potential of one volt will be the 
same as in the n6ijg;hbourhood of zero, the direction of the move- 
ment^ howeveri heing opposite. 
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The actoAl form of the iiutnimeiit is shown in the figure^ 
which ia drawn approximately to scale 




The cater case is a short hrass cylinder 4*6 ems. in diameter, 
the ends being dosed by vertical glass plates; the distance finm 
haek to firont is 8 cma The inner ease is concentric with the 
outer, and is 2*5 cma in diameter and 8*2 cms. from back to front. 
The ends are again closed by glass plates. The glass plates of 
both inner and enter plates are silvered internally, a horiaontal 
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strip of the silvering being, however, removed from each plate 
to Ltiable the gold leaf to be seen. The inner case screws on to 
the top of a brass rod passing through the neck of the qiiaru 
Leyden jar and coanected with its inner coat. The jar is enclosed 
in the hollow pedestal which suppoi ts the instrument. The top 
of the pedestal, with the outer case of the electrometer which it 
supports, can be screwed off; and into a tube about 1 cm. wide 
projecting from the under side of this cover a tube cemented 
round the base of the quartz tube slides stiffly. This admits of 
the inner case of the electrometer being adjusted to be concentric 
irith the enter. 

The quarts bulb is rather less than 2 em& in diameter, the 
tube 4 or 5 mm. in external diameter. The bulb and tube 
are silvered internally, contact beinff made between the inner 
coat and the brass rod by means of a strip of tinfoil gummed 
at the ends. The outer coat is of tinfoil I have found such 
Leyden jarsi which have an electrical capacity of from 50 to 
100 cms., extremely useful on account of their almost perfect 
insulation. The bulbs were obtained from Mesaro Baira and 
Tatlock, and have been made with the blowpipe 

The gold leaf is about 1*1 cms. long and very narrow. That 
in use at the present time is about of a mm. wide, but it is 
fairly easy to cut leaves of this length ^ of a mm. or less in width. 
The point of attachment of the leaf is a litt)e to one side of the 
centre of the inner case, bein^ at the tip of a small projection on 
the supporting wire. This wire is about 1 mm. in diameter, the 
projection reaching a distance of about ^ a mm. from its surface. 
The wire passes through an aperture at the top of the inner case 
about 5 mm. in diameter, then through a quartz tube, by means 
of which it is insulated from the outer case ; it is attached to a 
brass terminal closing the top of this tube. The quartz tube tits 
into a short tube projecting from the bottom of the terminal, 
so tliat a veiy small quantity of cement (sealing-wax) is necessary 
to fix it tirrht]y. It is also cemented about the middle of it< 
length withm a hole through the flat end of a brass tube about 
1 cm. wide and 1 cm. long. This slidos stiffly in a short tube at 
the top of the outer cuse of the electrometer. It is thus easy at 
any time to remove or replace the gold leaf. 

For the purpose of charging tne inner case and Leyden iar 
a side tube is attached to the outer case ; into this is fixed a glas<? 
tube with a platinum wire sealed through it« outer end and pn - 
jecting from its inner end to within a few mm. of the wall of the 
inner case. The inner case is then charged aini^ly by sparking in 
from an electrophorus or electrified rod till the desired defiectu-D 
is obtained with the gold leaf earthed. To another side tube a 
drying bottle may be attached. 
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Fitting tightly over the vertioal tube attached to the top 
of the enter caae of the eleetrometer is a bran tube 1*5 cm. wide 
in internal diameter and 5^ erne. long. On one side is attached a 
small tube containing an earthing rod for connectiog at will the 
gold leaf terminal to earth. Opposite it is a wider tube con- 
taining a sliding condenser to be described later. There is in 
addition a third side tube (not shown in the diagram) for the 
attachment of a drying bottle. In experiments on ionisation or 
radio-activity the testing vessel would be arranged to fix directly 
on to the top of the wide vertical tube, the testing electrode being 
screwed into the top of the terminal inside this tube. 

One of the annoyances attending the use of an ordinary gold 
leaf electroscope for measuring leaks is the difficulty of charging 
it np to the desired initial potential. One of the uses of the 
sliding condenser mentioned above is to give complete coTitrol 
over the fliargmg of the gold leaf system. This condenser con- 
sists of an inner rod fixed at right angles to the termiiial of the 
gold leaf and surrounding it a concontnc tube which can slide 
parallel to its length to give variable capacity. The rod is about 
2h cms. long and its diann ttr is about 2^ mm. The tube has an 
internal diameter of about 6 mm. and has a range of movement 
of 3 cms. The tube is kept at a negative potential by being 
attached to the inner coat of a quartz Leyden jar like that already 
described. The displacement of the tube of the cylindrical con- 
denser can be read un a scale outside the wider tube in which the 
moving patt slides. The condenser is charged by an ebonite rod 
through a platinum wire, the method being the same as that 
adopted for charging the inner case of the electrometer itself. 
The moYement of the tube of the sliding condenser is limited by 
stops, 80 that when fully in or out its position is definite^ For 
the purpose of charging the gold leaf system the condenser is 
used as a kind of electroDhorus. The slider is pushed in, the 
gold leaf terminal earthed by the earthing rod, and the riider 
pulled out against its stops. The leaf is thus left with a positiye 
chaige* It is convenient to give the condenser such a cham 
that the operation of making the earth connection when it is fully 
in tful then drawing it out to its limit leaves the gold leaf at 
a ^nvenient part of the field of view of the microscope, its poten- 
tial being the higher potential corresponding to this position, 
e^. 105 volts if the inner case of the electrometer is at 50 volts. 
When this has once been done the operation of chaiging the gold 
leaf to this definite potential of, say, 106 volts may be repeated 
indefinitely, by simply pushing the condenser in up to its stops, 
earthing the gold leaf and pulling the condenser out to the ex- 
tremity of its range again. Thus in measuring the leak from an 
electrode initially at 105 volts the above operation would be 
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fepeated between the successive obeenrations. To chaige to t 
low potential, say 5 volte^ the slider would be moved in until the 
gold leaf had moved across in the negative direction over the 

E roper number of scale divisions, the earth connection would then 
e made and the slider pulled fully out again. It is convenieot 
to make the actual measurements always with the slider com- 
pletely out, as in this position the condenser tube is too far 
removed from the rod to have any influence upon its potential 
The gold leaf reading is then entirely uniailuenced by any possible 
iaiiure of the condenser insulation. 

The sliding condenser is also useful as a compensator. We 
may use it, for exani})le, to measure charges too large to be 
directly measured by the dispiacein( nt of the gold leaf. For we 
may always pruc eed by sliding in the condenser (originally fully 
out) till the potential is reduced to zero. A reading of the scale 
attached to the slider will give us the charge, when the instru- 
ment has once been standardised, if the potential of the condenser 
tube be kept always the same. The charge a( (juir( d by the gold 
leaf system has in fact been compensated by tliat which has been 
abstracted into the rod of the condenser on account of iucreadai 
capacity, the difference of potential remaining constant. The 
change of capacity per mm. is found to be sensibly constant over 
abuut 2 cms. of the scale, while if the condenser be moved further 
out it falls off very rapidly. 

The electrometer stands on a substantial iron base. On oue 
of the three feet of this base is fixed an upright iron rod, to which 
is clamped a cradle which carries the microscope. 

The displacement of the gold leaf for a change of potential 
of one vdt depends of course on the particular gold leaf used ; it 
amounts to about -/^ of 9l mm. per volt Witb the magnifying 
power at present attached, 6 eye-piece scale divisions » 1 volt» 
out it would be easy to increase considerably the magnificatioa. 
The capacity of the gold leaf and its connections does not moch 
exceed 2 cms. 

The readings of the instrument arc very steady; owing^ no 
doubt, to the ctouble case there is apparently a complete abesnee 
of disturbances due to convection currents. The gold leaf taktt 
up its position of equilibrium within a small fraction of a hocoikI. 
so that very rapid potential changes can be followed. 

The zero remained steady when the instrument^ mounted so 
a camera tripod, was tested in the open air in a fidrly high wind*. 

* I have to thank the Cambri^e Seientifie Iiufenime&t Go. for Ifaiir h4 
in the oonstmetioii of th% initmniMit. 
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AppiioaHon of the Ifutrtiment to MeaguremenU in AtmogfAmio 

EUctrieiiy, 

Let U8 fix a horizontal conductiDg plate, a few s(|uare cms. in 
area, by means of a vertical rod to the terminal of the electro- 
meter. Let it be suiTounded by a considerably large plate lying 
in the same plane and formmg a guard ring for it. On this guard 
plate place a conducting" cover, of which the roof is some cms. 
above the flat plate. Let the electrometer be momentarily earthed 
by means of the earthing rod and let the cover be then removed. 
If this operation ha^ been perfonncd in an open field, the electro- 
meter will, under normal fine weather conditions, have its potential 
oopsiderably raised, and the gold leaf will go out of the field of 
▼iew. The potential can be at once brought back to zero by 
slidiiig in the tube of the oondeDser ae deacribed above. The 
testing plate beioff now at zero ^tential, the chaige on ita ex- 
posed aur&ce is the same as if it were earth connected. Thia 
charge is given at once by the reading of the sliding condenser 
if it has been j^reviously standardised. The charge per unit area 
of the plate will be proportional to the strength of the earth's 
field. 

Let UB maintain the potential at zero for some minutes, com- 
pensating for any change in the earth's field by the proper move- 
ment of the slider. Tnen let us replace the cover and draw out 
the condenser tube to its standard position. The rise of potential 
indicated by the gold leaf multiplied by the capacity of the system 
gives the chaige gained by the plate in a known number of 
minotea when kept at sero potential, that is, under the same con- 
ditions as when earth connected. 

We have thus obtained by these observations a measurement 
of the charge on our horizontal plate when earth connected and 
of the current through its surface. The ideal condition would 
of course be to have the plate on a level with the surface of 
the ground. We would then have both the charrrc per inut 
area of the earth's surface — a- (and therefore also the magmtiule 
of the electric field = ^ira) and also the vertical current per 
square cm. of the earth's surface at the place of observation. 

Tt should be noticed that the earth-air current, as obtained by 
the above method, includes not only the current carried by ions 
under the action of the electnc tit Id, but also any charge brought 
down by falling dust particles or rain drops, but not by any current 
that might be carried by corpuscles with sufficient peuelratmg 
power to traverse the testing plate unabsorbed. 
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A SerisB of Optically Active Nitrogen Compounds containing 
the Allyl Group, By Miss M. B. Thomas, Guton College, and 
H. O. Jones, JuJL, Clare College. 

[Received 27 November 1905.] 

In an earlier communication {Froc. 1904, Xlll. 33) an account 
was given of tVio preparation of some salts of substitviteH qtmter- 
n&ry anunonuim bases and their resolution into tlieir opt!c;iliy 
active constituents, which was undertaken with the object -f 
determining whether the relation between rotatory power and 
constitution would be more evitlent in the ease ul ion 5? than 
it is in complete molecules. The salts then rxamnied wei> th< 
in which three of the hydrogen substituting group were |>hciiyl, 
methyl, and benzyl, the fourth atom of hydrogen being succtrssively 
replaced by the isc^propyl and isoamyl radicals. A coniparis<ui of 
the molecuUu rotatory powers of the basic ions with those obtained! 
for the corresponding ethyl compound shows that a maximum is 
reached when the isopropyl group is substituted, the rotatory 
power of the ion containing this radical being greater than that 
of the ions containing the ethyl or isoamyl radicals. 

A more complete homologous series of five compounds hai 
been prepared, each of which contains the radicals phenyl, methyl, 
and allyl, while the fourth ammonium hydrogen atom is replaced 
successively by the ethyl, propyl, isopropyl, isobutyl, and isoamjl 
radicals. 

The compounds liave been resolved into their optically actite 
components by the method of Pope and Peachey. The d.•campho^ 
sttlpnonate or d.*brom.-camphor^ulphonate of tiie baae is made bj 
the interaction of the quatemaiy substituted iodide with the 
silver salt of the add in acetone or other suitable solvent, aod 
the resulting salt is lecrystallised until a constant rotatory power 
is obtained. A tabulated list of the results obtained xs given 
below. The values of the molecular rotatory power are for 
dilute aqueous solutions at 15"* C. ; the values for the ions sU 
decrease slightly with increasing temperature. 
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Base 


M.P. of 
iodide 


Salt 
prepared 


M.P. of 

« 


Solrent 


[H]d for 


basic ioo 


Ilienyl methyl 

ally! ethyl 

ttniiiionium 


— 


d. brom 
camphor 
sulphonate 




aoetona 


^•891'' 




Phenyl methyl 
•Ilyl propyl 

AnimnMififfn 
niifiMtiimH 


110° C. 




16d-170°C. 


>t 


•l-881-5'> 


+ 104-5° 


Phenyl methyl 

all_\ 1 iBopropyl 




d. camphor 
solphoiutto 


167-8* C. 


miiture 

arrtone 






Plienyl methyl 
ailyl isobutyl 
iqunoniiim 




M 


X7r e. 


aoefcone 






PlMoyl melhyl 
aOjl iaoamyl 






156^0. 


melhylal 


+ 88 6*» 


-i8-a° 



The value of [MJ^ for the d.-brtjiii.-canipiior i>ulj)lionic ion 
has beeu taken as 277**, aud that ui the d-camphor-bulphuaic lou 
as 51•7^ 

lo this, as in the benzyl series of compounds, there is a large 
increase in the molecular rotatory power of the basic ion when 
the isoprupyl is substituted for the ethvl group. Here the values 
for the propyl and isopropyl compouncu, thoagh Dot identical, are 
▼ety cloee together, while the substitutioQ of the iaobutyl and 
isoamyl radicals for propyl or isopropyl results in a lowering of 
the rotatory power. The rotatory powers are all less than that 
of the phenjl-beDzyl-methyl-allyl ammonium ion 166^ Other 
similar series of compounds are beiuff investigated, in which the 
meth} 1 group is replaced by ethvl and isopropyl, in the hope that 
the same kind of rekition may also be observed in these. 
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The Effect of Hydrogen on the Discharge of Electricity from 
Hot riatinum. B^' 0. W. RxcHARDSON, M.A., Trinity College. 

[Head 27 November 1905.] 

It has been known for ynine time that hydrogen has a ven' 
marked power of increasing the negative ionisatiou from hot 
metals. The effect in the case of platinum has been investigated 
in detail by H. A. Wilson*, wlio came to the conclusion that the 
increase was due to the hydrogen dissolved in the metal. The 
present paper is a preliminary account of experiments made to 
shed further light on the matter. 

The methcxi adopted was to measure the sataration current 
from the outside of a hot platinum tube to a sarroundtng cylinder 
in air, both when hydnigen was diffusing throi:^ the tuw ftom 
inside and when it was not. The snnounding air would of course 
oxidise the hydrogen as fast as it came out, and thus ke^ the 
suriiMe in a constant state, so that presumably any change in the 
leak would be due to the hydrogen, and not to a change in the 
platinum sur&ce. 

Even when hydrogen was allowed to diffuse through the tube 
at a rate equal to 2 aa at 76 ems. pressure ner eq. cm. of aurfaoe 
per minute, not the slightest change ooula be detected in the 
value of the negative leak. This result points strongly to the 
conclusion that the increase in the ioniaation observed in an atmo- 
sphere of hydix)gen is not due to the presence of the hydro^n in 
the metal as hydrogen, but to some luteiation it produces in the 
superficial regions of the metaL 

Two experiments which support this conclusion may be cited 
As is well known, a platinum wire which has been heated for 
a long time in oxygen gives small but deBnite ionisations both 
positive and negative. On replacine the oxygen round such a 
wire by hydro|;en the writer found that, though the positive 
ionisation was increased somewhat at first, it soon berai to fi&li, 
whilst the negative leak increased simultaneously. Both these 
effects seemed far too slow to be accounted for by the rate at 
which hydrogen entered the wire (which was only *! mm. thickX 
though that explanation is not excluded with absolute certainty. 

The other experiment consisted in putting a big negative 
potential on the wire just mentioned Thm was found to rapidly 

* FkiL Trant, A, Vol. ocu. p. 248. 
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bring down the leak in hydrogen to a small value. If the nega> 
tive potential on the wire was now reduced it recovered its 
ionising power, slowly at first and then more rapidly, until it 
settled down to a steady value. Charging the wire positively 
did not appear to reduce its ionising power. 

These results certainly seem to indicate that the hydrogen 
acts by producing a change in the wire, which takes a long time 
to complete itself. They appear to be capable of explanation 
if we assnme that the positively charged hydrogen forms a double 
layer at the anrface of the platinum which helps the corpuscles 
out. Further experiments are in progress, winch, it is hoped, will 
deci<^^ whether or not this is the correct explanation. 

Kxperiraents were also made with the platuiuin tube described 
above to see whether the ditfusion of liydrogen through the tube 
had any etfect on the positive ionisation produced by the outer 
surface. The hydrogen was found to increase the positive leak at 
all the teiiiperatures tried, the rel itive increase being greater the 
higher the temperature. At 1200^0. the ratio of the leak with 
hydrugea at atmospheric pressure to that with air inside the tube 
was very nearly 2 2. At constant temperature the increase in 
the leak was found to be proportional to the square rout of the 
pressure of the hydroojen inside the tube, i.e. directly proportional 
to the amount of hydrogen ditfusing through. The effect of the 
hydrogen diffusing out of the metal uii the positive leak offers, 
therefore, a very marked contrast to its effect on the negative 
leak. 

These resalts tend to indicate that the hydrogen inside the 
metal, which is known from other considerations to be in the 
atomic state, is positively charged. Only a small fraction (10~^) 
of the hydrogen comes out in the ionic form, but we might expect 
most of it to be discharged in escaping from the metal In any 
case, charged hydrogen would have much greater diflBculty in 
escaping from a metal at lower temperatures, which may account 
for tne hydrogen set free from palladium not being ionised. These 
considerations are also in agreement with the fact that electrolytic 
hydrogen, which is positively chaiged, is capable of diffusing mto 
some metals — ^for instance, iron — at ordinary tempersturea 
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Experiments on the retention of an elsctric charge by gases. 
By W. A. Douglas Kudge, M.A., St Johns College. 

[Bead 27 November 1905.] 

If an ordinary vacuum tube or incandescent lamp is partiall)' 
coated with tinfoil, it will act as a condenser, the tinfoil acting as 
one conductor, and the residual air in the tube as the other. 

In the following account of the experiments the apparatus 
used will be generally referred to as the condenser. 

The expenmeDtal ooadenser was made by partially ooattoff 
a Wurtz distillation flask with tin£>il, and closing the mouth witE 
an india-rubber stopper, through which passed a short wire having 
a knob at one end. See Fig. 1. The flask could be conveniently 




Fio. 1. 

exhausted by the side tube. When this was done, and the kuob 
brought near one of the terminals of a Wimshurst machine, the 
condenser could be chaiged and discharged in the ordinary way, 
a bright spark passing on discharge and a glow filling the tube 
just for a monit'Tit. The air in the tiask at a pressure of abuut 
1 cm. acts as a conductor, so that, uu bringing a wire from the 
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tinfoil to the knob, the condenser can be diacbarged. While an 
nnexhatuted Teaiiel does not aet ai a condenser (any slight chai]g|e 
upon the knob being removed hv earthing) it was found that if 
ezhaaated alter charging, a diBcnarge could be obtained The 
knob of the unexhausted condenser was put in connection with 
the Wimsbunst for a lew seconds, then earthed to remove any free 
ohaige. It was then lapidl j exhausted to about ^ cm. prsssure, 
aod on joining the tinfoil to the knob^a disphaige almost as stroog 
as though the vessel had been exhausted at first was obtained. 
Several residual discharges could be obtained. 

If the pressure were not rapidly reduced, the charge leaked 
away» but with large condensers, and by working in a very dry 
room» a discharge could be obtained after many hours. If the vessel 
was exhausted before charging, then the charge has remained 
more than twelve hours 

Since a vacuum would thus act as a conductor, it was thought 
that a condenser might be constructed without any metallic 



coatiim* This was lealised by making a tube of the form of 
Fig. £ The two chambers have no connection with each 
other, and coukl be exhausted simultaneously by one pump 
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or separately bv two pumps. To use the apparatus, one of 
the electrodes A tft B was put in conneetion with the earth, 
and the other presented to the Wimshufst If the p rc ss nre 
was below 1 cm., then, on bringing a wire connected with A 
nesr to a bright spark passed, and both chambers were filled 
with a^ glow. ** Residaal charaes could be obtained as with 
an ordinary condenser. AAer the ooodenser has been charged, 
the air may be removed from it, fresh air admitted, then re- 
exhausted, repeating this time after time, discharging by earthing 
the knob after each exhaustion, and stiU some snght charge will 
be left. An endeavour was made to ai^rtain whether the air 
itself inside the flash was chaiged, so with this object, the air on 
the way from the flash to the pump was made to pass through an 
insulated metal tube (which was sometimes packed with iron 
filings) connected to an electroscope, but no signs of electrification 
resulted. Exploring electrodes were also inserted in the con- 
denser, without any definite result. The next essay was to find 
out whether the air removed from the flask during exhntistion 
possessed any confhicting- power, and for this purpose, it was 
drawn through a glass tube containing two conductors separated 
a short distance, one being in connection with a cliarged electro- 
scope, the other in connrctiOn with the earth. Only a very slight 
leak of the charge from the electroscope was observed, so that the 
air had not become appreciably conducting, or rather, those por- 
tions removed did not possess conducting power. Experiments 
were undertaken with gases other than air, viz. hydrogen, oxygen, 
carbon dinxi ie, carbon- monoxide, and sulphur-dioxide, when it was 
seen tliat ^^ irh the exception of hvdrogen, the behaviour of the 
gases was suiular to that of air. tiydrogen acted somewhat dif- 
ferently from the rest, for the charge would nut remain as long as 
with the other gases. 

Another set of experiments was conducted in a somewhat 
different manner. Aner placing the unexh aus ted oondenser in 
conneetion with tiie Wimshurst^ a wire was used to connect per- 
manently the knob and the tinfoil, and then the ajppanitus was 
exhausted When the pressure fell to about 8 — 10 cm. a Ikint 
glow was seen to fill the bulb, and as the pressure was further 
reduced, occasional bright flashes were observed. The glowiiy 
effects lasted for quite a long time (ssTeral minuteaX ana if air 
were admitted to destroy the glow, it reiqppeared after reex- 
haustion, without any further cha^ being given to the apparatus. 
A curious eflRsct followed the use of hydrogen, viz. it was diffi- 
cult to get the apparatus to work with air afterwardiL Until, 
in fiMSt, all traces of hydrogen had been removed by repeated 
exhaustions and fillings with air, the glow diadiai|ps could not be 
obtained. 



9 



Digitized by Google 



Mr Newallf Folarization phenomena in Uie Eclipse 1905. 197 



Polarization, phenomena in the Eclipse 1905 August 80. Bj 
H. F. Nkwall^ M.A., F.RS., Trinity College. 

[liead 13 NoTember 1906.] 

Descriptions and illustrations of the viiual observatioDB and 

photoeTapnic records obtained at Guelma in Algeria were given 
with a view of showing the kind of material collected for the 
detailed study of the phenomena. It was mentioned that the 
visual observations combined with the photographic records proved 
that the plane of polarization of the light diffused by the earths 
atmosphere during the eclipse was very nearly horizontal. (This 
evidence coiitjicts with the conclnsion of M. Salet, who observing 
at Robertville, about 37 miles from Gueliua, had found that the 
plane of atmospheric polarization wa.< vortical.) Photographic 
records, obtained with a Savart polanscopic camera for the 
purpose of quantitative measurements of the relative amounts 
of polarized and unpolanzed light in the corona, showed that the 
polarized portion of the atmospheric light was equal iii intensity 
to the radially polarized portion of the coronal light at a distance 
of about H diameters from the sun's limb. Thus the phenomena 
of a radially polarized corona seen through a plane polarized 
atmoapbere ue somewhat complicated. The results obtained by 
photographing the corona through a large Nicol prism, which was 
set to transmit sucoessively the vertical component and two 
components which were inclined on each side at 45" to the vertical 
and 00D8e<|uentIy perpendicular to one another, not only show the 
strong radial chaiaoter of the polarization of the corona, but also 
seem to suggest that thefe is a selective action and that the 
prominent streamers of the corona are markedly polarized. A 
photognpb taken with a new form of polarizing spectograph shows 
a very marked difference in the intensities of the tangential 
and mdial components; but a curious feature in it is that the 
Fraunhofer lines are not detected in either spectrum, though th^ 
conditions are such as must be regarded as veiy favourable for 
their detection. Unfortunately a second photograph taken with 
an exposure six times as long for the sake of getting further 
information about more distant partj^ of the corona was spoilt by 
the admission of «^unlight through the slit of the instrument after 
the total phase of the eiciipee was passed. 
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The Effect of the Lunar Deflection of the Vertical on LatUude 
OUm-voHona, By B. Ck)OKSON, M.A., Trinity College. 

[Heeeioed 30 Novembar 1905.] 

The maximum tide-raising force of the moon on a point of the 
earth's surface amounts to about 1/8»500,000 of gravity at the 
point, and the maximum horizontal component of this force is 
nearly 1/12,000,000. Thus, owing to this force, the plumb lioe 
may DO deviated through an angle of 10"^ x coaec 1", that ia^ 
0'''017, or say 0"-02. The latitude of a point on the earth's snrfiMe 
is defined by the direction in space of the plumb line at the pomt» 
and the question arises whether it might not be po^ible to detect 
its deviation by examining some of the large series of observattom 
which have been made in recent years with the senith telescope 

Since the latitude is found firom the meridional zenith -distances 
of staiB^ we require only the southwaid oomponent of the moon'a 
tide-raising force : its value is 

X = sin2^oo^acos2A 

— coe2^8in2£co8A 

+ Ban2^(l-8Bin*S)) (1). 

where 

if » mass of moon, 

mass of earth, 
a = earth's radius, 

D = distance between centres of earth and moon, 
^ « latitude of place, 
t « moon's declination, 
h « moon's hour-angle. 

For the presnit purpose we may take D as constant: we have 

then three terms, the first with a period of half a lunar day, er 
nearly 12 4 hours, the second with a period of one lunar day, and 
the third depending on the moon's declination. Now suppoee 
that the latitude is found from the observed zenith difttrantrfs of 
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groups of stars whose mean right aacen^ons and declinations are 
Oa^* ^ We have 

^» + ^if> = + 4- Z2, 

where Li, are the deviations of the plumb lino ;it the .sidereal 
times a,, a^: <^o denotes the mean latitude, and di</>, AjC^ the 
variation of latitude. In Kiistner's method of determining- the 
aberration constant from latitude observations with a zenith 
telescope, four groups of stars are generally chosen at intervals 
of 6 hours, and two consecutive groups are observed on every 
observing night. The variatifni of latitud(" is eliminated by sub- 
tracting the equations given by the two groups, and we get four 
equations of the form 

or patting in the term depending on the correction to the adopted 
constant of ahemtion, 

0 = Si — ^ + - + (ttj - a,) AA? + - Zg. 

For most oheervatories in the northern hemisphere, we can 
neglect the second term in equation (1) for //, since cos 2<f) is less 
than ^. The star ctouds are separated by half the period of the 
fint term, so that £1 — ^ has its maximum value, which is 

f ^^3 28in26cos<^cos2A, 

where h is the moon's hour-angle at the sidereal time aj. The 

maximum value of this is ^ , which is about , or 0" 017, 

and the whole range of the deviation of the plumb line in the 
observed quantities is O'^OSI*. This is a small quantity, but its 
determination does not seem impossible. The probable error of 
one determination of the latitude may be taken as ±0"'12: each 
group of stars contains as a rule 10 pairs of stars, and accordingly 
the probable error of the difference of two groups is 

The problem then is to detennine the amplitude of nn oprillatinn 
of known period from observations of which the probable error is 
about three times the quantity sought. 

Besides the moon's tide-raisuig force there is also the sun s, 
which is nearly half that of the moon, and the effects of the two 
are superposed. But since, in Kiistner's method, the observations 
are made symmetrically about midnight, i.e. one group is observed 

14—3 
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at the same interval before midnight as the other is after, it 
follows that the effect of the solar tide ia the same od Ixth 
groups: the solar tonus, theretoro, di«?apppar from Li — Xj and the 
lunar terms alone are left. There is also an indirect lunar effect 
due to the direct attractio!i of the ocean tides; this might be 
avoided by using only observations made at inland stations. It.^ 
amplitude at a station 100 km. from the coast would be ouiv 
about 0"*005, and its period is half a lunar day (see Darwin's 
Tides, 1901, p. 129) The range of the direct and the indirect 
effect, if they were lu the same phase, might amount to 0" 04. It 
should, however, be pointed out that an amplitude of 0" 017 ooire- 
sponds to the case of a rigid earth, and that in the oase af the 
actual earth it must be leas than this. 

To see whether such a lunar tem ezbis I have enuniaed 
the observations nuule at Philadelphia by Ifr Doolittle between 
1898 (Sept. 6) and 1901 (Aug. 30). The mean right aaoengioiMi 
of the four star-groups are 6^*8, 13^*8, 18^*4, and 82^*5 ; and the 
lunar term for the combinations i.— n. and re. — may be writ- 
ten l*80f cos(2^ + 1*^*7), whilst for n.— IIL and ni.— nr. it is 
l«80£'cos(2A - M), For a rigid earth K would be 0"-0085. but 
its value might be considerably modified at Philadelphia, which is 
near the coast, by indirect lunar effects. The observations wefe 
arranged (according to the value of the angle 2h ± 1*7) into six 
groups, each of 4 hours extent, and the means were taken In 
all 173 complete observations were used involving about 3,800 
separate determinations of the latitude. The means are 

-0"O14 +0"020 +0'''044 +0"Ol6 +0^-004 +0^-005. 

or, subtracting 0"*013 from each to make their sum zero, 
-0"027 -hO'007 +0"031 +0"-003 -O^'-OOO -3"-O0a 

This appears to indicate an oscillation with a period of half a 

lunar day and a total range of about 0"*05, its maximum value 

occurring 6'' after the transit of the moon. It is worth remarking 
that high water of the Atlantic tide occurs 7** after the moon's 
transit, but the amplitude of the oscillation found above, i e. 
0'' 025, seems too large to be attnbutable to the direct attractioQ 
of the ocean tide. 

The observations then in Kiistner's method are suitablv 
arranged to show a lunar inequality with a period of half a lunar 
day, but a considerably larger number of observations than the 
number here discussed is necessary to measure the direct effect of 
the moon on the inclination of the vertical. 
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Suffgettione far a theory of ihe MUky Way and the Ohuda 
of Magellan, By ARTHUR R. HiNKS, MJL, Trinity Goliega 



In the northern hemisphere the stars in general, the coarse 
dusters, the gaseous nebidae, and especially the stars with bright 
line spectra of Pickering's type V, are concentrated upon the 
plane of the Milky Way, while the spiral nebulae seem to avoid it 
in the sontheni hemisphere the stars and coarse dusters, the 
raseous oebulae, and the type V stars are concentrated in the 
Milky Way, and the greater Cloud of Marian; the nebulae 
which are presumably spiral — (photogtaphxc evidence of the 
structure has not yet been obtained) — tend to avoid the Milky 
Way, as in the North, but crowd into the greater doud to meet 
those Milky Way constituents with which they are associated 
nowhere else. 



canoe, rt8 significance depends, however, upon the view that may 
be taken of Herbert Spencer's proposition, enunciated in the year 
1S58, that the stars and nebulae are so definitely separated that 
they must necessarily be complementary parts of one general 
scheme of creation. Tlie basis of this proposition is evidently the 
assumption that the stars are symmetrically condensed upon the 
plane of the Milky Way, the spiral nebulae symmetrically con- 
densed about its poles. Tf that were so, it would be necessary to 
look for some separative lothience which had driven those stars 
and nebulae apart, except in one particular region of the sky; and 
it ^vollld be natural to look m that exceptional region, the ;;reater 
Magellanic cloud, for some hint as to the nature oi the intiuence 
which there only had failed to operate. 

It appears, however, t^o the author, that the evidence is very 
iUr from being so strong as to compel the adoption of this line of 
reasoning. 

The great masses of the fainter sUirs are disposed in the 
irregular but sharjjly bounded star clouds which correspond very 
closely to the visusU form of the Milky Way, and evidently produce 
that form. 

The stars of the eleventh magnitude and brighter have little 
connection ^ ith the apparent structure of the Milky Wav. On 
the whole they increase in numbers towards itu plane, but their 
distribution in galactic longitude is far from uniform. A .study of 
distnbiitiou charts such as those of Stratonof^' irubl. de iObserva' 
U^ive de Tachkent, 2 and 3) suggests rather that these stars are also 
arranged in clouds, of greater apparent extent than the Milky 
Way star clouds, and prol)ably nearer the Sun, but more or le^ in 
the same plane with tnem. 



[Bead 13 November 1905.] 
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There are not yet available determinations of proper modoa 
for Stan fainter than 9^ mag. Stars which have appreciable 
proper motion are almost uniformly distributed over the Ay, and 
show little or no tendency to aggregation on the plane of the 
Milky Way. These are, on the whole, the nearer stars. They may 
perfaf^ps be considered as forming a star cloud of which the Suo is 
a member. 

The author would suggest that these facts of star distribution 
are consistent with the hypothesis that the stars are distributed in 
a series of more or less independent clouds rou^^hly in one plane. 
The cloud in which our Snn is situated would tlien supply the 
stars of sensible proper motion which are uinr nnly distributed ; 
the neighbouring clouds would supply the bulk of the stars down 
to the eleventh nwijjuitude, which are to a cousiderablt- extent 
distributed about centres in the galactic plane; the more distant 
star clouds would make the Milky Way proper as seen by the 
unaided eye. 

The smaller cloud of Magellan w ould on this hypothesis be one 
of the distant star clouds that happened to lie far am of tiie 
general plane. The greater cloud of Magellan may perhaps be 
more properly considered a nebula and star cluster cloud than 
a star cloud. 

The distribution of ^e nebulae (other than gaseous) may also 
be considered a cloud distribution. The most oonspicuous nebula 
cloud in the northern sky has its centre not many degrees frttm 
the pole of the galactic plane. But the centre is quite decidedly 
not at the pole, and the distribution is very far from being 
symmetrical about the pole. A second, less rich, cloud of nebulae 
in the northern hemisphere runs up to the borders of the Milky 
Way. 

In the southern hemisphere the distribution of nebulae is 
dominated by the greater Cloud of Magellan, which is far richer in 
nebulae than any other part of the sky. The distribution of 
nebulae outside this cloud has no apparent relation to the sonthem 
galactic pole, but is in several large and not wellnlefined cloudaw 
It appears, in fact, that the idea that nebulae are condensed about 
the poles of the Milky Way may be due to a fortuitous and not 
very close approximation of one nebula cloud to the place of the 
northern galactic pole. 

Unfortunately we have at present no knowledge whatever of 
the distances or propor motions of the nebulae, and conclusions as 
to their distribution may be profoundly modified when the smaller 
nebulae which have recently been found in abundance on long 
exposure photr)grapijs are classified and catalogued, and when th^^ 
already known and catalogued nebulae of the southern sky are 
classihed photographically. It is here suggested that the di^Ui- 
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bation of known nebulae may be best expressed thus : they are in 
clouds, which do not He in the plane of the star clouds, but on the 
other hand, are not aggregatea towards the poles of that plane. 
Id this view the greater cloud of Magellan is a cloud of peculiarly 
rich constitution, including numbers of Milky Way objects, star 
dusters, gaseous nebulae, and type V stars, as well as numbers 
of nebulae which are probably spiral and non-Milky Way objects 
(though of the spirality of any nebulae in this cloud there is no 
real prooO ; but there need be no reason to suppose that it has 
any special structural significance. 

Tnis suggestion that the universe may consist of a number of 
star clouds more or less in one plane, and a number of nebula 
clouds out of the plane, is put forward merely as a working idea 
about which facts may be grouped with some convenience. If it 
has any advantage over the Spencerian view of the universe as 
one organic whole, it is this, that wc arc not concenie*! to devise 
an explanation of why stars and nebulae seem as a rule to avoid 
one another, for we do not admit that thf- avoidance is so marked 
as to make it probable that they are complemeatary members of 
one system. 

It should however be noticed that the statistical methods 
proper to the trial of the two hypothes^es are totally diflferent. If 
the universe is to be discussed lus one system, it is quite evitient 
that the tundaniental plane is the plane of the Milky Way, and 
that the general argument in statistical ri prescntations will be 
galactic latitude; galactic longitude will be of secondary im- 
portance, and has, in fact, in many investigations been almost 
disregarded. But as soon as we admit that the universe may 
consist of a number of more or less independent clouds, an 
attempt to find general laws with galactic latitude and longitude 
as arguments becomes worse than useless, for it probably will 
obscure the very discontinuities which are^ most significant It 
will be necessary to present the facts,, not in the form of tables, 
but of charts; and the data which are charted roust not be 
smoothed, as has generally been done (notably in the distribution 
charts of Schiajparelli, Seeliger» and Stratonoff)> for the irregulari- 
ties are probably all-iroportant. 

The purpose of this note is therefore twofold : First, to suggest 
a workii^ hypothesis which seems to have some advantages over 
that generally, though not perhaps always consciously, adopted in 
discussions of star and nebular distribution; and secondly, to point 
oat that the statistics of the subject may be most conveniently 
presented in a form which has been comparatively little used, that 
of detailed distribution charts. 
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Preliminary Commumcafion on the Life-History of Pleisto- 
phora periplanetae, Lutz and SpUndore. By W. S. FfiE&IK, B, 
Omviiie and Caius College, 

[Secehed 19 December 1905]. 

Fleistopkora periplanetae^ Lutz and Splendore, is a Myxospo- 
ridian parasitic in the Malpighian tubules and intestine of th*- 
comiiiun bakehouse cockroach Penplaneta orientalis. The spores' 
formed by this organism have apparently been seen hy other 
observers, who have, however, failed to refer them to their proper 
genus. Thus Schaudinn* (1902) describes the presence of tbe 
spores " eines Nosema " in the faeces of cockroaches examined 
by him, and Lutz and Splendore+ (1903) mention the occurrence 
of Myxosporidian spores in the Malpighian tubules and intestiDe 
of Brazilian cockr at hes. These latter observers refer the spores 
to the genus Noserna and add the species name p^'viplanetae,'^ 
The descriptions given by these authors of the spores they 
describe, fit as far as they go the spores of the Pleistophora, which 
is the subject of this paper, and 1 have therefore thought it best 
to retain the specific name periplanetae" while referring the 
parasite to its proper genusL 

Methods: For ezaminatioD of the living parasite the Mal- 
pighian tubules were cut into small pieces and eiamined in 
normal salt solution. 

The parasite is very inactive and the Hfe-histoiy has been 
chiefly studied by the aid of stained preparations. Filma were 
made of the chopped up Malpighian tubules and either dried and 
stained with Oiemsa^s modification of the Romanowsky*Noc]it 
stain, or fixed by immeraion in hot coiroeive sublimate and alooliol, 
and then stained with Heidenhain's iron-haematox^Iin or Dela* 
field's haematoxylin. The first method of staining is particalarly 
effective for differentiating nuclei from protoplasm, nuclei staining 
red or violet and protoplasm blvie. Sections were found to be 
practically useless. Every adult Periplaneta arimUalu exaniined 
was found to be more or less infected, very young cockraaehes 
still possessing the yellow colour characteristic of the newlj- 
hatched cockroach alone beine free firom the parasite. 

Vegetative stages: The full-grown vegetative stage of the 
parasite is an amoebiform nucleated mass of protoplasm, which will 
be termed the trophozoite. The trophozoites vary from minute 
specks of protoplasm 2fi — 3^ in size with one nucleus, to miiltinQ<> 
cieated masses measuring in some cases 30/* by 65/* and containing 
60 or more nucleL 

• achmnditiii, F., Arehip, /Br ProHit, pp. 806—848^ 

t Lots Mid SplandoMb C. B, Baku Pk, (1), Yd. tsim. pp. ISO— 187. 
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The protoplasm, of the trophoKoite is fraqoently diflfereatiated 
into a denser, more deeply staining outer layer or eetOBUC, and an 
internal non-fluid layer or endosarc. Pseudopodia occur frequently 
and are generally lobose, though elongated and pointed pseudo- 
podia are also found. The endosarc may be hyaline or reticular 
in structure. Vacuoles of varying sizes are of frequent occurrt nee. 
Granules appear to be absent, but large mucoid looking inclusions 
are occasionally to be seen within the trM|)hr»zoite. In tropho- 
zoites stained with Giemsa's eosin-azur mixture two kinds of nuclei 
are to be distinguished, one kind which stains bright red and 
anothtr which stains a deep violet. The n\irlei staining deep 
violet are very compact and frequently contiguous to a small firea 
of protoplasm staining bright blue. The nuclei which stain bright 
red are generally reticular in structure altliougii occiisionally com- 
pact. With Delafield's haematoxyliu the violet nuclei stain very 
intensely. 

Two methods of reproduction can be distinguished in rieisto- 
phora periplanetae, one subserving auto-infection, and one resulting 
in the production of coated spores, which gain the exterior per auum 
and presumably infect fresh hosts. 

AuUhinfec^ve mModa of Reproduction : Multiplication of the 
parasite within the hoet may be effected apparently in four ways : 
(1) the young uninucleatea trophozoite may divide amitotically 
into twa (2) The nuclei of a young trophoioite.may multiply ami* 
toticaliy and proceed to the peripheiy of the cell, wnere the proto- 
plasm rounds itself off about each nucleus^ the trophozoite nnally 
making up into a number of uninucleated spores. This method 
of reproduction recalls the schizogony of the Telosporidia (S) A 
multinucl^ted trophozoite may divide into two by a process of 
simple 6ssion. (4) Portions of a large multinucleated trophozoite 
may separate themselves from the parent cell and begin an inde* 
peiident existence. The fira^enis budded off may have one or 
several nudei, but a trophozoite does not appear to produce buds 
with one and manv nuclei at the same time. Doflein describes 
a rimilar process of fn|pnentation in Qlu^ea lophn, and terms it 
plasmotomy. Division of a trophozoite into two pieces, i.e. ordi- 
nary binary fission he terms simple, division into more than two 
fragments, multiple plasmotomy. The production of uninucleated 
spores from a trophozoite by Dudding does not appear to have 
been hitherto recorded among the Myxosporidia. 

Spore formation: All the above methods of reproduction sub- 
.^erve auto- infection, but resting spores are also produced, which 
presumably bring about the uitection of fresh hosts. Anioncr the 
Myxosporidia it is usual, as a preliminary to sporuhitioti, fur the 
trophozi)ite to produce a number of internal buds, which give rise 
W a varying number of spores, the production of spores conimuing 
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within the trophozoite without any cessation of activity or growth. 
These internal buds have been styled by Qurley pansporoblaatfc 
In Pleistophora pertpkmekLe, however, no such production of pazi- 
sporobhists takes place. The whole of the trophozoite aimply 
withdraws its pseudopodia, rounds itself off and makes sporea 
As, however, the classification of the Myxosporidia is largely oaaed 
upon the features exhibited by the pansporoblast, the number of 
spores it produces, etc., it seems advisable to regard the tropho- 
zoite of Pleistophorfi periphinetae as producing one pan3]inroblast, 
although the point at which trophozoite ceases to be trophozoite 
and becomes pansporoblast may not be ea?;y to define. The 
first stage then of sporuiation consists in the run tiding- off of the 
trophozoite to form a pansporoblast, which is us ually in-tre or 
less oval and almost completely tilled with developing spores. 
The spores are developed from oval masses of protoplasm, the 
sporoblasts winch rather exceed in size the spores into which they 
are trau^tonned. In stained preparations each sporoblast appears 
to lie in a vacuole. This vacuole is not, however, evident in the 
living cell, and is jirobably an artifact produced by shrinkage of 
the proLoplasm duiiag preparation. Each sporoblast cont^iiii.s a 
nucleus, which is at first reticular, and stains bright red with 
Gicmsa's eosin-azur mixture. The interstices between the de- 
veloping sporoblasts are filled up with protoplasm and nuclei, both 
of which ultimately disappear. 

The nucleus of the sporoblast undeigoes ▼arious changes 
which will be described with figures in the full paper, and the 
sporoblast surrounds itself with a coat of a highly xesistant 
nature. The presence of this coat makes staining the spore 
very difficult. In its final form as found in the foeoes of the ooek- 
roach, the spore is a flat oblong structure rounded at both endb, 
and va]7ing from 5m— 6/i« in length, and 2'5 — 3^ in breadUi. In 
the living state the sporoplasm is finely granular and contains at 
one end a small highly refractive globule. The relation of the polar 
capsule, which is almost certainly present, to this globule has not 
been determined. Application of the usual reagents ether, con- 
centrated sulphuric, nitric and hydrochloric acids, glycerin, iodine 
and boiling water, etc., has hitherto foiled to procure eitrasion of 
the filament of the capsule. The spore coat is apparently on- 
affected by the above reagents andahK) by eau de Javelle. 

Attempts to produce the emergence of the sporoplasm by 
treating the faeces with the digestive juices and contents of the 
alimentary canal of other cockroaches have been unsuccessful. 

With the above facts of the life-history of Pleistophora peri' 
planetae to hand it is possible to classify the parasite accurately. 
From the minuteness of the spores, the fact that the pansporo- 
blast produces more than two spores^ and the invisibility of the 
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polar capsule io the fresh state, the parasite belongR to the sub- 
order CryptCK^Btes of the Myxospondia and family Glugeidae, 
which pooess the characters of the sub-order. It belongs to the 
aub-order Giyptoeystes Myxosporidia and family Glugeidae, which 
poasesBes the characters of the sub-order. It belongs to the 
section OHgosporogenea (Doflein), because the trophozoite pro- 
duces a siugle pansporoblast, and the production of numerous 
spores by the pansporoblast relegates it to the genus Pleistophora. 
It is this formation by the trophozoite of a single pansporoblast, 
which removes the parasite from the genus Nosema, section Poly- 
sporogonea, to the gonns Pleistophora, section Oli-^nsporogenea, 
To sum up, the clasHihcatiou of the parasite is as follows : — 

Class. Sporozua 
Sub-class. Neosporidia. 
Order. Myxosporidia. 
Sub-order. Cryptocystes. 
Family. Giugeidae. 
Section. Oligosporogeuea. 
Genus. Pleistophora. 
Species. Periplanetae. 
There are several points of interest offered hy the above scat- 
tered details of the life-history of Pleistophora periplanetae, both 
wah respect to the Sporozoa in general and the Myxosporidia in 
particular. In the first place it is seen that there are two very 
definite phases, a trophic phase characterised by almost excessive 
multiplication with a view to aato-infection, and a propagative 
phase, characterised by a cessation of trophic activity and the 
fonnatioii of resting spores. In this sharp division of the life 
cycle into Bchizogonous and sporogonous phases Pleittophara peri- 
jiamekm resemlnes Thdiihania miiMeri described by Stem pell. 
The occurrence of aporulation at the end of the trophic phase is 
a feature which by no means a^^rees with Schaudinn s division of 
the Sporozoa into Telosporidia, 1.0. Sporozoa in which spore forma- 
tion occurs at the end of the trophic phase, and Neosporidia, 
which includes the Myxosporidia, in which spore formation occurs 
during the trophic phase. As far as the pomt in the life-historjf, 
at which spore formation occurs, is concerned, PUistojphara f^n- 
pUmstae is in exactly the same position as a Haemospondian 
or a CoGctdian. In each case a trophic phase charaotensed by 
vigorous multiplication is succeeded by a resting phase character- 
isSl by the production of resting spore& As Stempell remarks. 
Schaudinn's grouping of the Myxosporidia and the Sarcosporidia 
together in a sub-class separate from the rest of the Sporozoa is 
probably well grounded, but the difterence between the two sub- 
classes must be expressed in other terms than the period of the 
life-history at which sporuiatiuu occurs. Another point of interest 
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in the life-hiBtorv of FUiali^pkoira periplanetae is afforded by the 

existence of residuary nodei and protoplasm, which die off while 
sporulation is taking place. The meaning and homologies of these 
nuclei and accompanying protoplasm are obscure. The sah}acfc 
will be more discussed in the fuU paper. 

Note on a hiUierto undeacribed parasite (/) of Periplaiieta 
orientalis. 

In the ooiine of this research certain peculiar atructures, wbioh 
occurred in many of the stained prqwrationa of the Malpigfaian 

tubules, attracted attention. They resemble the trophozoites and 
spores of Pleistophora periplaiietae but are smaller in size. They 
stain in a similar manner with the same reagents. The structure 
of the tropliozoites is however more delicate than that of the 
trophozoites of the Pleistophora] the nuclei are iiho smaller and 
more ct)m]mct. The spores in the tresh state are highly reiringent, 
resemblmg the sji ires of the Pleidophora in this respect. They 
are, however, much smaller, measunng not more than 1a* ~ 2/* in 
length, and about in breadth, instead of 5'5/i x as in 
pleistophora periplanetiie. In two cases the chylific ventricle wrs 
crowded with these bodies. They do not appear to belong to the 
life-cycle of the Pleistophora, and it seems probal)le that they are 
the trophozoites and sporCvS of a new Myxosporidiau parasite. Thej 
stand however m ueed oi further mvestigatioD. 
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Contributions to the Knowledge of the Tetrazoline Group, Bv 
S. Ru REM ANN, MJL, Gonnlle and Gaius College, and R. W. 

[Bead 27 November 1905.] 

BraSMANK and Stopleton (Trane, Chem. Soc,, 1899. 75, 1131 ; 
1908, 81, 261) showed that the propertieB of tetraaoUne, 

differ most markedly from those of its N-aryl derivatives (see 
Ruhemann, Trans. Chem. Soc, 1899, 55. 242; 1890, 57, 50). 
Of especial interest is the beliaviour of methyl iodide towards 
tetrazoline, which, iks previousl} {loc. cit.) stated, furnishes two 
compounds, one of them being dark blue, the other colourless. 
From the analytical results the composition C,H,N4l, had been 
dedacad for the former, and CtH7N4l for the colourleaa aobetaiiee. 
We now find that the blue iodide contains two atoms of hydrogen 
lesa and thmforo corresponds to C,H,N4l„ because it is formed 
directly from the colourless compound by its union with iodine. 
On further examination of the substance G^HtNaIs we have been 
stnick bj its resemblance to the periodide of diasobensene chloride, 
Thia fiifOt points to analosous formuhie, and leads to the view that 
the iodide (^H,N4l should be represented thus 



NHC >N, OHJ, 



OH.<r 



and that the analogous formula has to be assiffned to the additive 
product CsH,N«I,. According to this view, which agrees with the 
behaviour of the iodides, these compounds would appear as 
derivatives of a dihydrotetnudne, 

isomeric with bisdiazome thane and tetmzoline. 

Hantzsch aod Silberrad (Ber. 1900, 33, 58) have shown that 
bifid iazomethane under the influence of hydrochloric acid, changes 
to tetrazoline. This trauslurmatiou may oe assumed to take place 
thus: 

! ^NH.N^ ^NH- 

Biadiaaomethane Tetiaaoline 

and U) be preceded by the formation of the dihydrotetiasine. 
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which we regard as the parent substance of the compoucd* 
CjHyN^I and ( 'jilyNJj. The formation of these iodides, there- 
fore, is due to a regressive chiin^^e of Leliazoline. 

This view is supported by the behaviour of aldehydes towards 
tetrazoline. Uuder the influence of piperidine as a catalytic 
agent, a condensation takes place which is to be represented hj 
the equation: 

CjH^N^ + R . CHO - H,0 + CtHjN^ : CH . R. 

The substances which are thus produced must be repmented 
by the geueml formula 

and their formation necesdtates the isoiuerisation of tetrazoline. 
We have applied this reaction to a number of aldehydesL Tbe 
condensation products readily dissolve in mineral acids, idthough, 
thus, partial aecompositioo takes place, yet these solutions jield 
with platinic chlonde, normal salts having the general formula 

(C,H,N, : CH.R),, H,PtClg. 

Tbe hydrolysis of the compounds which are formed by the 
action of aldehydes on tetrazoline, is completed on boiling their 
solutions in hydrochloric acid for a short time; the base, however, 
which is produced along with the aldehyde, is not the dihydro- 
tetrasine 



0H,<( 



N : Nv 



but tetrazoline. It, therefore, follows that the hydrolysis is 
accompanied by the isonierisation of the base to tetrazoline. 

Ruhemaun and Stapleton had previously (loc. cit.) stated that 
tetrazoline forms with platinic chiontie the sparingly suluole, 
canary-yellow compound (CiHjNi),,, PtCl^. We now find that 
the base well as its hydrochloride, after crystal liaatiun from 
alcohol, yield a very soluble normal platinichloride 

but that the insoluble additive product is formed from the 
hydrochloride before re-crystallisation from alcohol From tiw 
fact it follows that the hydrochloride exists in two tautomerie 
forms: 

NH< >NH,H01 and NH< JN, Ha 

X!H«N^ N)BL-ir 
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This explanation of the phenomenon is Buppoiied by the fact that 
the alcoholic mother liquor of the ciystals of tetrazoline hydro* 
chloride yields the yellow additive compound, and that aqueous 
solutions of t>ie normal r latiDicblaride slowly deposit the insoluble 
substance (G>H4N4)„ PtCl4. 

We have be^n already to study, on similar lines, dimethyl- 
tetrazoline which is formed by the action of heat on mono- 
aeetyl hydrazine (see Pellizzari, Attt R, Aecad, LincM, 1899 [v], 
8, 327). The properties of this base differ in many respects £rom 
tetraaoline ; whilst the latter yields with mercuric chloride the 
compound 2CtH4N4, SHgClt, dimethyl tetrazoline forms with the 
metallic chloride the additive product C4HaN4, HgCla. Aldehydes 
which so readily condense with tetrazoline, have no action on 
dimethyltetrazoline. On the other hand, platiuic chloride yields 
with dimethyltetrazoline a very soluble normal platinichloride 
(O^H^NJa, HaPtCU; its aqueous solution, on standing, slowly 
(!♦ posits a yellow solid which has the composition (C4HgN4)5, PLCI4 
ami, lher» fure, is analogous to the additive product of the metallic 
chloride with tetrazoliue. Methyl iodide, also, seems to react with 
diniethyltetrazoline in a similar manner as with tetrazoline, and 
yields a substance, crystallising in brown ueedles» which resembles 
in properties the compound C,HyN4l,. 

We are engaged in the farther study of this substance and in 
examining the action of aldehydes on bisdiazomethane and allied 
heterocyclic compounds. 
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Same eaiperimenis on CanalStrahkn. By J. J. Thomsov, 
MJL F.R.Sr 

[Mead 27 November 1905.] 

GoLDSlBlK discovered that when the electric discharge p aa w a s 
through an exhausted tube having a p^<»ated cathode, Tuminoos 

rays streaming through the perforations can be observed behind 

the cathode. These rays are deflected by a magnetic field to a 
small, but only very small, extent and have been shown by W Wien 
to consist of positively charged ions whose mass is never less tban 
that of a hydrogen atom and is often con.suierably great-r. 
Similar streams of ions impinge against the cathode itself, and 
in modem theories of electric discharge through gases play an 
important part in the mechanism of the electric discharge, thus 
in my book on the Electric Discharqe through Oases, I have 
supposed that it is by the impact of these poHitive ions oo the 
cathode, that the cathode rays originate. Again, we know that 
the cathode disintegrates and the question arises whether this 
is not due to the impact of the positive ions. The question of 
ionization by the impact of positive ions against the mt^Ieciiles 
of a gas, and the nature of the spectra produced by such iiiipacts 
can also be conveniently studied by means of canal-strahlen : for 
these reasons I have made a series of experiments on these rays 
using a discharge tube of the kind represmted in Fig. 1. 

The cathode (7 is a large disc nearly filling the tnbe, with a 
hole in the middle opening on to a metal tube ; the canal-ttrahlen 
pass through this tube on their way to strike against the metal 
plate M at the end of the dischaige tube. A wire soldered to this 

Slate pMses out fitom the dischai^ tube and allows the plate to 
e chaiged positively or neflativelv* 
The dischaige was produced by a large induction eoU, and to 
prevent cathode rays coming down the tube from the reversal of 
the discharge, a strong transverse magnetic field was applied to 
the portion B of the tube, so as to drive any cathode rajs sgainat 
the walls of the tube and prevent them from readiinff the metal 
plate. The ex]^riments were also repeated with a laim 
Wimshurst machine in place of the induotion-ooil» the reautta 
were the same in the two cases. 

When the canal -strahlen strike against a solid they cause it to 
emit cathode rays moving with small velocities. This can easily 
be shown by charging the metal plate, against which the canal- 
strahlen impinge negatively, to a potential of say 80 volts, then 
from the part of the plate struck by the canal-strahlen a peucil 
of feebly luminous rays c^n be seen, the appearance being like 
that shown in Fig. 2; these rays are easily deflected by a ma^et 
in the direction indicating a negative change. That their initial 
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velocity is veiy small, is shown by the &ct that they aie 
completely stopped when the metal plate is charged to a small 
positive potential 

Secondanr ionization is produced in the path of the canal- 
strahlen. If the metal plate is charged positively, the boundaiy 
of the canal-etrahlen oecomee fluffy and bends towards the 




B 
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Fig. 1. 



Fig. s. 



positive plate, as in Fig. 3, showing that negative corpuscles 

are present ; the fluffy boundary is very susceptible to magnetic 

force. These negative ions come out of the beam of the 
caaal-strahlen, which thus ionize the gas. The a particles 
emitted by radium may be regarded as canal-strahlen of very 
groat velocity, enormously greater than the velocity of those 
produced m a discharge tube. Now Rutherford has shown that 
when the en particles, by passing through a gas or thin sheet of 
metal, have lost about 18 7o of their original velocity, they 
suddenly lose their power of ionization, yet this reduced velocity is 



TOL. ziiL IT. nr. 



Iff 



Uigmzeu by CjOO^Ic 



214 Frof. Thdwaoff^ Some esqmimenta on Ccuud'Strahlmu 

enormously greater thiin the velocity of tlic canal-strahlen N^'hich 
we have seen possess the puwer of ioniz;itinu. The most probable 
explanation of tins diflference seems to me to be, that v,h^'ii the 
velocity of the a particles sinks below a certain value, it will hold 
fast to a corpuscle against which it may come in collision, and 
thus have its positive charge neutralized and become aa un- 
charged atom. If V is the relative velocity of the a particle and 
a corpuscle at collision, when r is the distance betweea the 
corpuscle and the particle, m the mass, e the charge on the 
corpuscle, we can easily prove that the corpuscle will stick to the 
particle if 

while the particle will escape if 

mB*> — . 
r 

To find the Bmallest velocity to enable an a particle to eftcape. 
let us give to r the conventional valae for the radius of an atom, 
10~*cm./8ec, we have also in electrostatic measure 

ejm = 3 X 10>» and e = 3-5 x 1 0^^*, 

hence i; = 1*4 X 10* cm./sec. will be the smallest velocity an a 
particle can possess if it is to retain a positive charge. We need 
not attach importance to the fact that the limiting value of v 
found by Rutherford is considerably greater than this, for the 
value assumed for r has no clami to accuracy. In the cas*? of 
the o particles the proportion of corpuscles to positive ions i> 
very much greater tnan in that of the canal -strahlen, so thai 
neutralization is more likely to occur in the former than in the 
latter 

The canal -strahlen disintegrate a metal plate against which 
they strike, for after a long continued bombardment of the 
metal plate the walla of the tube in the neighbourhood of the 
plate are found to be covered with a deposit of the metal. 

When the canal-strahlen impinge on a salt of sodium, the silt 
gives out yellow light m which the I) line is very bright, it is 
remarkable that this line is not given out when canal-strahleo 
impinge on the metal sodium itself, a mirror of sodium with 
speeka of oxide on it presents a beautiful appearance when 
struck by these rays, the spots of oxide shine out nri^htlv with i 
greenish vellow light, while the sur&oe of the metal ifeselif ssenB 
quite dull if no external light falls upon it. 

I have much pleasure in thankmg my asnstant, Ifr Bvmlk, 
for the help he has given me with these experiments. 
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On the InhmiUMc$ of Ooat-^sohur in Rata. By L. DONC astkr, 
llLA.^ KiDg^a College. 

lB$e$ived 29 Noyember 1905.] 

In July, 1903, I began breeding- experiments with the various 
colour-varieties of the Common Rat, with the intention of working 
out the lawB of their inheritance. At that time Cu^not's later 
paper:s on Mice hafl not yet appeared, and my chief object was to 
investigate tlie " resolution " which appeared to take place when 
the wild brown rat la crossed with the albino. In the wild 
brown (or grey) rat there are three pigments, black, brown, 
and yellow, as there are in the common mouse ; but amon^ the 
descendants of a wild rat crossed with an allHiio» blaek aminals 
ooDtaining no yellow pigment commonly appear*. The chief 
objiect wStk which I began the work was to detennine if possible 
how this suppreanon of the yellow took place, and why the 
corresponding disappearance of black, wMch occurs in mice, is not 
foond in rata 

The colour yarietiee of rats haye been described and classified 
bj &an)pet, and a^ain by Bateson {loc* dt 78). They are 
mnch simpler than m mice, so that a rat which does not ML 
nnmistakeably into one of Grampe's seven categories is extremely 
rare. In colour all the rats which I haye bred haye been either 
brown (wild colour), black, or albina The brown rat ia darkest 
along the back, has a considerable number of hairs with yellow 
tips on the sides, and is pale grey below. The black is fall black 
eyerywhere when the animal is young, but as it grows older, 
especially when moulting, it tends to a chooolate*brown tint on 
the sides and ventral surfi^e, but has no trace of yellow. The 
albino is quite white when young, but inclines to a cream tinge 
when older. Albinos have pink eyeai, coloured rats black. Both 
the brown and black rat may be quite without white except 
on the toes, which are never pigmented (Crampe's types 1 
and 7), they may have a patch of white of varying size on the 
chest and belly (types 2 and 6), or they may have a coloured 
"hood" and stripe along the back, the rest being white (types 3 
and 6). Crampe's type 4 is the albino. Typps 2 and 6 vary 
within rather wide limits; the white mark on the chest maybe 
limited to a few hairs, or it may extend into a broad white ventral 
BoifAce, sometimes spreading slightly out to the flanks. The tail 

* The distribatioD of the pigments in the hailtl find to be identical with that 
described by Bateson in Mice (P. Z. S. 1903, n. p. 79); the Uaok nt diflen from 
(he brown in the abeenoe of yellow pigment. 

t «*Eieiisttogiii iwisflbMi WaitdeRatlen," LanOmM, Mrb, yu 1877, p. 384; 
m. 1888, p. xm. 1884^ p. 889. Alio **Di« OeMtn dn Voirlraiig te Fteb*,'* 
Mp ST. 1885^ p* 689. 

1^^2 
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usually has a colourless tip of vaiyinff lenffth, and at least tbe 
lower part of the fore limb is usoaUy white. Type 6 (bUck 
colour) is known in the fancy as ^ Irish " ; a good Inah has only 
a small white patch on the breast Types 3 and 6 have the head 
and neck coloured, and the pigmented hairs may extend on to the 
fore limb. There is almost always a coloured stripe along the 
middle of the back from the hood to the tail ; the ventral waxStee, 
sides, and limbs are white. The back stripe varies considerably; 
it may be broad» sometimes spreading out irregulsriy, it may be 
nanow and even> and in other cases it is broken into a series of spots. 
Yeiy rarely it is quite absent. When the white patch of types 2 or 6 
is very large, the animal approaches the darkest form of types S 
and 5, but only once have I had any hesitation in dassini^ a rat ts 
belonginc; to one or the other. 

" firoken-marked " rats irregularly piebald) do occur in 
rare instances, but none have appeared in my experiments, nor 
has there been any departure from the pigmentation describe. 

It will be seen that pigment distribution in rats is much 
simpler than in mice, since there are only two colour-types, and 
two patterns in the coloured-and-white inaividnals : the complica- 
tioTis which arise in mice are therefore absent, and the scneme 
oi inheritance much simpler. From the practical point of view 
this simplicity is counterbalanced by several disadvanUiges, Rata 
breed much more slowly than mice, and take much longer to 
reach maturity ; in my experience they do not often begin t<o 
breed when younger than three mouths. The doe may take th^ buck 
immediately after a litter is born, but commonly young appear at 
intervals of six weeks or two months, often considerably longer. 
It therefore takes a long time to rear a sufficient number of young 
from any one pair. They are also very liable to diHoase, especially 
of the lungs ; if this is to be avoided they require rather large 
cages and irequent cleaning. Hence they take up a great amount 
of space, and my work has been delayed owing to want of room in 
which to rear many families simultaneously. The does do not 
often eat or desert their young, though this happens occasiooaiiy, 
but on the whole the infant mortality is very small. 

The most important wurk on colour-inheritance of rats that 
of Craiiipe {luc. CiL). His papers were written long before the 
re-discuvery of Mendel's work, and are often very ob.^cure, but the 
following facts can be made out clearly from his results. Browii 
(grey) is uniformly dominant over black, and both brown and 
blacK o^er albino. The self-coloured varieties, and those possess- 
ing small white areas on the lower sur&ce (Nos. 1, 2, 6, 7} aie 
dominant over the coloured-and-white types (Noe. 3 and 5X ^ 
sevra varieties can probably be obtained pure by oontiDiied 
selection, but this is mucb mora easily effected with the moiv 
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recessive forms (3 and 5) than with the dominants (1, 2, 6, 7). 
Albinos bred together gave only albinos. Two points of consider- 
able interest are mentioned with regard to the self-coloured 
varieties 1 and 7 ; they are left unexplained, but it seems probable 
that they are oonnected and depend upon the same causes. The 
first of these is that the self-ooloured varieties when bred together 
can give the forms with white marks, but oot the pied forms, but 
that the varieties with white marks bred together may give all 
the types; that is to say, that type 7 for example can contain 
type 6, and type 6 can contain hioth 5 and 7, but that 7 cannot 
contain 5. This as it stands appears inexplicable, but there are 
initications of a possible explanation. Type 6 (black with some 
white below) has two sub-varieties, one with very little white, the 
other with a lar&re patch, and my work shows that the first of 
these is closely related to the self-black (type 7), while the second 
is a heterozygous form always containing type b (piebald). The 
second point of interest arising from Crampe's work is that two 
kinds of first crosses appear wnen the wild rat is bred with the 
albino, one of which has no white (type 1), the other with white 
below (type 2). These two varieties behave differently as regards 
their ofi&pring in the same way as typen 6 and 7, and the expla^ 
nation appears to be that some albinos carry the self-character, 
giving first cross of type 1, others the piebald character, giving 
type 2. 

The animals with which I began my experiments were ob- 
tained from several sources, but the majority were sent me bv 
Miss Douglas, of Worcester, to whom I am also indebted for much 
useful information. I wished to cross tbc wild M. decumanus 
with the different colour varieties, but failed to get wild animals 
to breed in captivity. I was fortunate, however, in obtaining 
from a local ratcatcher two fiimilies of young rats from albino 
does by wild bucks. The man keeps a large cage of white rats, 
from which two does escaped, and not long afterwards both rats 
wtro fonn(? in nests in a neighbouring haystack with families of 
excliisu ely brown young I saw them when still with the mothers, 
ami as there are numerous wild rats about the place, I think 
there can be no doubt that their male parents were common 
wild rats. 

My earlier experiments were somewhat indiscriminate in 
character, being undertaken partly test whether the animals 
used were pure or were giving gametes of more than one kind, 
partly to determine the proportion in which the different forms 
appeared among the descendants of the wild rat crossed with 
albino. Gradually, however, definite problems presented them- 
Jwlves, and my later work has dealt chiefly (a) with the power 
of albinos to transmit colour or pattern when mated with coloured 
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indindaals, and (6) with the natofe and relationB of Gimmpe's 
types 7, 6, and 5. 

It has been shown by Cuenot*, and others in mice, and more 
recently by Uurstf in rabbits, that albinos are not ail similar in 
constitution, but that when mated with a given coloured individoal 
their offspring differ according to the origin of the albino parent 

I find that this is also the case in rats; some albinos carry the 
determinant for brown, others black, and others again both brown 
and black. So also with pattern ; some carry the piebald character 
some the "self" (or " Irish "). An albmo can best be tested m 
these respects by matm^^ it with a black-and-white, since bh'-k is 
recessive to brown and the pied character to " self." Experiments 
showing the results of biich matings are Nos. 32, 33, 41, 45. 
58 a and 6, and, with recfard to colour only, Nos, 2, 37, 57. Bla^^k- 
and-whites paired together can give nothing but black-and-wiute 
and albino, but when paired with an albino carrying brown and 
" self" determinants, brown self-coloured rats are produced. In 
Exps. 32 and 41 the aibmo used contained only black and ** pie," so 
that only black-and-white and albiuo young appeared, roug-hly 
in equal uuuibors. In Exp. 33 the albino, although of siiuilaa 
ancestry to those used in Exps. 32 and 41, carried only the "self* 
character as far as pattern is concerned, but both black and 
brown colour determinants, so that of the coloured youn^ all were 
self-coloured (with white patch on the underside), 4 being brown 
and 5 black. In Exp. 45 the albino, derived from two ** Irish " 
parents, carried the black colour determinant and the ''self** 
character, and all the coloured young were ''Irish." 

Similar results are seen in Exps. 2 and 37, in the first of 
which the albino bore only black, in the second both black and 
brown, giving 4 brown joung to 6 ''Irish/' It is therefore quite 
clear that as in other animals the albinos, although giving nothing 
but albino when paired together (Exp. 46), differ from one another 
in constitution, and influence their young both in colour and 
pattern. In this connexion it is of interest that Haacke^ describes 
an albino rat in which the hair of the hood and back-stripe 
differed from the rest in texture, although quite without pigment 
Such an animal would doubtless have been found to bear the 
piebald character only, had it been tested by mating with a black- 
and-white. 

The second point to which my attention has been chiefly 

directed concerns the relations between the different forms of 

pattern, particularly the nature of Crampe's types 2 and 0 and 

their relation to the pure self-coloured and pied forms respectively. 

• Arch, Zool. Exp. and Qfn. Notes and Rev. Ser. 4, fc. 2, lUOl, p. aUv. 
t Journ. Lirm, Hoc. Zool.t Vol. xxix. p. 2S3. 
Haooke, Biol, Centrum, x?. 1S96^ p. 63. ** Wewn, Utiaobeii ttnd Tenrimng 
?. AlbininNU tte." 
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There seems to be no doubt that the brown forms (Crampe's 
t3rpes 1, 2, 3) correspond exactly with the similar black forms 7, 
6, and 5, but are less simple to work with since they may contain 
recessive black. They also have the disadvantage that the extent 
of the white area in type 2 is much less easily detennined at an 
early age, since the grey of the undmide is not at first distin* 
guidiable from white. I therefore choee the black forms to ez- 
peiunent withi and have made only a few matings with the brown 
▼arietiea 

It soon became evident that the two sub-varieties of type 
6 (* Irish ") are distinct firom one another, and in the later pairings 
reooxded in the tables these are distinguished as 6 a and 66 
(Irish a and Irish h). Unfortunately these two sub-varieties were 
not recorded separately in the earlier matings. Where one of the 
parents was black-and-white (type 5) all the " Irish " offspring were 
always of the form with a laige white patch (66); this is seen in 
matings 34 and 45, and was almost certainly also the case in 
No. 33, where, however, it was recorded only in the last litter. 
The brown young in No. 33 (type 2) also had much white under- 
neath. When " Irish " rats were paured together, in all the cases 
where any black-and-white young were produced (matings Nos. 
42, 41, 56), both parents had a considerable amount of white on 
the underside. On the other hand in experiments 35, 35 a, and 55, 
no black ;ind-vvhitr' yonncr were produced, and in each case one 
parent had onl} :^ \< r\ small white mark. The other paroTit in 
these matings had more white, and the colon offspring were 
divided between the two sub-types. In Exp. 03 both parents 
w»'ro type G a, and no youn^ of either 6 6, or 5 (blk -wh.) were 
produced. It seem<, therefore, that type 6 6 ("Irish " with much 
white) can be produced by mating black-and-white with black 
(Exp. 34), or with an albino of "Irish" parentage (Exp. 45), and 
that when two such individuals are paired together, the offspring 
consist of black-and-white, " Irish " b, and " Irish " «. This points 
to the conclusion that type is a heterozygous form pioduced 
by crossing black or " Irish " a with blai-k-;ui<i-white, which then 
separate in the next generation in the normal Mendelian tnaniier. 
Type 6 a and black on the other hand do not contain black-and- 
white, and therefore in matings in which they are concerned no 
bla^-ftnd-white offspring appear. 

The relations between type 6 a and pure black are less dear. 
Crarope found that Macks (type 7) bred together might fp,re 
type 6, but they seemed to appear in quite irregular proportiooB» 
s^. from some pairs only blacks appeared, in one mating 26 black 
to 6 ''Irish" and in another 6 blacks to 27 "Irish." From 
Crampe's tables it appears that when *' Irish" rats are bred 
together, pare blacks appear only when they have occurred in the 
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ancestty of the ''Irish" used and my experience k in aoooid with tloi, 
although In Exp. $3 there is oidy 1 black ancestor three generations 
back. Crampe does not separate the two forme of ** Imti,** but Id 
all his matings black-and-white appeared, so that when blacb 

were producea the parents may have been heterosygotee black 
black-and-white. But in my mating 63 blacks appeal from tvo 
parents of type 6 a, so that this explanation is impoesiblei and we 
therefore find that blacks bred together can throw Irish, aod Iriafa 
can give black. There is further no sharp line of distinctioD 
between black and " Irish a," for the latter may have only about 
half-a-dozen white hairs on the diest» or may have a considerable 
white patch. 

It is practically certain, therefore, that black is only an extremv 
form of ** Irish a/ and not really a separate variety ; either may 
be bred true by continued selection, but they are not allelomorphic 
to one another. Both when paired with black-and-white give the 
heterozygous form " Irish b" That this is the true explanation is 
indicated by Exp. 55, where the J parent was "Irish 6" made 
by crossing black-and-white by black, the "Irish a** derived from 
2 " Irish " parents. If black were dominant over " Irish a " ibe 
otispnng .should have consisted of black and " Irish b in equa! 
numbers, but actually 4 "Irish 6." 2 "Irish a" and 2 bln'-k were 
prodiK t'd. The conclusion must be that iis far as pattern n 
concerned there are only two allelomorplis in rats, viz. "pit^i 
and "self," the pied consisting of coloured hood ami .stripe, the 
self either completely coloured or having a small white mark or. 
the ventral surface. When crossed together there is no . uiiij*!. 
dominance, and a heterozygous form is produced having the whvk 
ventral surface white. 

Of the other experiments not much remains to be said. Mo^i 
of them were begun in a rather indiscriminate fashion before I 
realized that albinos were nut all alike in constitution, and ina/iv 
of the albinos used were dead before they could be tested. Fair- 
ings were made between " half-wilds " (children of albino by wild) 
and albinos in Ebcpe. 14, 21a, 44-, 24, and 26, giving a total of 
87 young, 44 of which wert albino, a cluso approximation to the 
Mendelian e(|uality. IC the albinos used all bore the black and 
piebald determinant, the expectation is that the coloured off* 
spring should consist of equal numbers of Crampe's types 2,3,6,6 , 
tne actual numbers are 8, 9, 10, 16 respectively. Of the five 
albinos used in these experiments, 3 were bought, and in Dr 
experience albinos obtained from dealers generally cany the bkdt 



died before they could be tested in this respect 

In only one experiment (No. 43) did I succeed in getting 
young from "half-wilds" paired together, 7 out of 25 boBg 
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al^nno (« xpectation 1 in 4). The expected ratio of self-brown, 
pied browii, self-black and pied black respectively is 9 : 3 : 3 : 1 ; 
the actual numbers 12, 0, 4, 2. In this experiment I bred the 
onl^' brown without white (type 1) which I have obtained. 

In Exp. 23, where a half-wild was mated with a bl;ick-and- 
white containing recessive ulbino, the numbers approximate to 
the Mendelian expccUUon, viz. 15 coloured to 6 albino (expecta- 
tion 15 : D)j and the four colour types 5:4:2:4 (expectation 
equality). 

A point of some interest is the great diversity of different 
litters from the same pair. Where enough offspring are reared 
the results are in fair accord with Mendelian expectation, but in 
individual litters this is often far from being true. To save space 
the separate litters axe not recorded in the tables, but examples 
can be siven. In Exp. 23 ( $ alb. x ^ blk.-wt.) the iirsi Utter 
consisted of 5 albinos, 1 "Irish/' 2 brown (type 2); the second 
litter of 1 albino, 4 " Irish/' 2 brown. In Exp. 37 ( $ alb. x </* blk.^ 
three sucoeasive litters contained respectiyel;^ 5 albino, 2 ** Irish/' 
1 brown ; 3 albino, 1 '* Irish/' 2 brown ; 1 albmo, 3 Irish, 1 brown. 
And in Exp. 44 (alb. % x" half*wild '* ^) four successive litters 
consisted of 2 albinos and 6 coloured, 7 albinos and 1 coloured, 
3 albinos and 4 coloured, 7 albinos and 3 coloured, tbe total 
making up 19 albinos to 14 coloured. 

It 18 evident from such facts that a lai^e number of young 
must be reared from each pair before the true proportions are 
known with any accuracy, and unfortunately disease has killed 
off many of my rats before this could be done. 
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On the Omnotic Pressure of Dilute Aqueous Solutions, 
By F. S. Barlow, St John's College. 

[Mead 27 NoTember 1905.] 

This paper is an aooonnt of a few experiments that were 
made with dilute solutions during compulsory interval in work 
with Aqueous solutions of alooh(M. The work was thus of an 
iDtermittent and pvelimiDary character rather than exhaustive. 
However^ the results that have been obtained are definite in their 
general bearing. 

In experiments with dilute solutions in water there seem to 
be two reasons why the osmotic pressure set up does not reach its 
theoretical value. These axe due to the impurities absorbed hj 
the outer water from the air and to the slight solubility of the 
clay of the pot. The pressure set up thus becomes a diiferenee 
between two osmotic pressures, that of the solution within and 
that of a solution without. The difficulty arising from contami- 
natioii of the outer water by the air can be avoided by closing the 
outer vessel ; but the difficulty arising from the solubility of some 
portion of the pot cannot oe overcome for aqueous solutions, 
where the latter are very weak. For solutions which should give 
an osmotic pressure above an atmosphere the solubility of the cell 
is probably too small to interfere appreciably with the theoretical 
valuea 

It will thus be seen that this method of direct experiment 
cannot be used to determine with any accuracy the osmotic 
pressures of dilute solutions. Sufficient purity of the liquids can* 

not be ensured under these conditions. 

In the expenmcnts given below tliree cells were used, XIV, 
XITT and e. Each of these had been used shortly before in other 
experiments and had shown itself capuble of bf aring internal 
pres^sures above three atmospberea In the interval they were 
tan ding in distilled water. Their Bouudness is assumed from the 
results of the experiments referred to. 

The experiment with cell XIV is with a cane-sugar solution of 
strength '056 normal. This is much stronger than the other 
solutions, but I add it to show that it takes considerabl.^ time for 
a ceil to be freed from substances of previous experiments. 

CM XIV, '056 N cane-suear solution. Theoretical pressure 
»l'f6 atmofi. The cell alter being used for an alcohol solution 
was washing in distilled water for three days (Oct. 26 to 29)^ It 
was then filled with the sugar solution^ and after a short time 
emptied and refilled 

VOL. ZIII. FT. l¥. 16 
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\ 

Time {jtw 190S) 


Omuge levels 


Tempera- 

tVLTt 

(degrees C.) 


praomre 


naitow- 
littb 


wida-Umb 


ThnmUy, Cot 39, 4U 

Friday, Oct. 30, 12.0 
FridaT, Not. 6, 10.0 
Tnesdaj, 12.80 

Wedneeday, 1.50 
Friday, Nov* 18, 10.0 
Monday, 12.50 
Wednesday, 10.20 
Inursday, 4.0 
Friday, Nov. 20, 10.15 


( open 

202-6 

closed 

204 

231 

335 

363 

368-6 

375-5 

382-6 

386-5 

388*2 

375 


196-6 

196-6 

166 

167-2 

166 

164*6 

164 

164 

165*2 


12-8 
12 
12 
16 Z 

92 


p 

1 

~* 1 

l-67«taMiL 
IdiafeBQi. 

(Falling) 



From these leedingB it is seeD that it took nearly three weeb' 
time for the pressure to reach the valae of 1*84 atmosphere. 
Both the pressures calculated are above the theoretical vahia 
This is probably due to two causes, — a traoe of alcohol ftom 
the experiment ia which cell XIV was last used, and partial 
inversion of the sugar during the three weeks of the expefimeBi 
If the latter were the 9ole cause of the ezceas of prasora, we 
should have 

. ^ observed pressure ^ ll;84 

^ " theoretical fwessnre 1*26 " * 

That is 45 7o sugar was inverted. 

I think this is too high to represent the actual state of aftin^ 
and though some of the sugar might be inverted, stUl most of the 
excess must be due to some trace of alcohoL This experimeot 
thus affords an example of the length of time ^hat must be 
allowed in this kind of work for a cell to become clean ibr osmotie 
purposes. 

The experiments with cells XIII and s were peiformed wttk 
more dilute solutions. In each case reference is made to the 
immediately previous hietonr of the cell. 

(1) CjU XIIL -002 N cane-sugar solution. Thenetieil 
pressure » 84 mm. Ptovious history of cell. On Feb. 9, sAer 
washiitf for more than two months in distilled water whioli nn 
often changed, the cell was used with a solutioa of Kd ibr a week. 
Then it was washing in water from Feb. 24 to liar. 15. It wei 
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t^hen used with 002 N sugar solution. The cell was soaking in this 
tor three days; it was emptied and refilled on Thursday, Mar. 17. 



TioM 


Chmge levels 


ture 
(dflignMO.) 




narrow- 
limb 


widA-limb 




Thuiaday, 11.30 

\ 

Mond&y 

The cell was emp- 
tied tad rafiUea: 
preanire added. 
' Tuesday, Mar. 22 

1 TneMtay, April 19 

1 


( open 

1 263 
I closed 
I 277 
275 

291-6 

238-5 


261 

260 
260 

259 
259 


10 
11*5 


/Calculated osm. 
pr. on Apr. 19 
= 29-5-2 
= 27*5 mm. 
This is below the 
\theorotioalYaIiie 



The cell had been standing through the vacation, and the 
pressure after 28 days seemed at a steady value. During the 
interval a higher value may have been reached. The readings on 

April 19 give a value below that required by theory. 

After the above experiment cell XIII was washing for two 
days, and was then filled with freeh 002 N sugar solution. After 
one day, the cell was emptied and refilled with the solution for the 
experiment, Saturday, April 23, 1904. 

(2) Cell XIII. 002 N cane-sugar solution. Theoretical 
osmotic pressure = 34 mm. at 0*" C, Saturday, April 23. 



Time 


Gauge lercls 


Tampatatoit 


narrow- 
Umb 


wida-Bmb 


! Saturday, Apr. 23) 
Pressure laifisd J 


266-4 


219-4 




Monday 


247-2 


220 


Averap^e temperature of the 




247 




laboratory was 13' C. 


Wednesday 


220 


Friday, Apr. 29... 


247-2 


220 




Friday, May 5 ... 


247 


220 
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The level was thus steady for more than a week, and the 
oetnotic pressure was at the greatest 27 mm. at Id"" C. ; agaia 
below the theoretical value. The pressure in the prsTious ezpen* 
ment was 27*5 mm. at ll'''5C. 

The experiments with cell XIII where sugar *jolntion wa« 
used, and where the cell had been used so long with dilute solu- 
tions and had several soakings in water, show that all pressures set 
up were below the theoretical value. Hence it is most likely that 
the excess of pressure registered by cell XIV was due to traces of 
alcohol which had not been got rid of in the time allowed for 
washing, and was not due to inversion' of the sugar. 

(1) Cell e. '0012 N solution of potassium sulphate. Theo- 
retical pressure = 20 mm. at 0' C. Previous hist<iry of cell. The 
last experiment for which this cell had been used was one with a 
4 0 "^/^ solution of cane-sugar to get some values for the rate of nse 
of |)ressure. The cell had nearly got up the theoreticai value 
when it was opened, and was stiil rising. After this it wa^^ wash- 
ing for six days (Jan. 25 to Feb. 1, 1904). On Monday, Feb. 1, it 
was filled with the abuvt- K2SO4 solution, eiosed and standing till 
Tuesday j it was then emptied and refilled for the experiment. 



1 


Oftoge levels 


Tempera* 


1 


Time, «to. 












ture 




narrow- 
limb 


frida-Umb 


(d^reesC.) 




Tuesday, Feb. 2 


( open, 
< closed 
1 274 

277 








267-6 






Wednesday, Feb. 3 ... 


266-7 


10 


1 

1 


Saturday 


282*2 


265*2 


10 




Monday 


289-2 


264*8 


10*2 


1 


Wednesday, Feh. 10 ... 


291 


264*2 


10 


■ 


To ensure greater purity 










of contents, cell refilled ; 










1 and pressure added 










Friday, Feb. 12 


288 


265 






Saturday 


292-6 


264*4 


10 




Monday , 


294 


264 


10 




Wednesday 


295 


264 


9 


1 Maximum 


Saturday ••• ••• 


295 


264 


10 


j praaanrs 


Tuesday 


292 








^ _ 











The maximum readings of the gauge give a difference of levei 
equal to 31 mm. at 10" C. From this has to be deducted the 
difference of levels when opened to give the exoess of internal 
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pre-^snro ^f-t up when the cell is closed. Takincr thh iliderence to 
be i> 4p mm. as at the beginning, the osmotic pressure is 

31 -6-4-24 6 mm. 

No correction is needed for any capillary depression in the narrow 
tube, as this will affect both open and closed levels to the same 
extent. 

The theoretical pressure, assuming the gas laws to hold» is 
20 7 mm. at 10° G. 

Hence ^~|^*^*^^* 

a » — g- (for three ions) 

= 094, 

or 9*4 7o ^^^^ ^^^^ dissociated. 

Jones*, from freezing-point ni< ;isurements, finds for a '001 
nonnal solution of potassium hulphuLe that a = about "94. 

Ill this expenment the cell may safely be regarded clean; 
the result is thus interesting as showing that dissociation can be 
detected in a direct way, though no satisfactory measure of it can 
be looked for. 

(2> C^ll e. After the last experimeot the cell was washing for 
(bur days in changes of distilled water. 

On Mouday, Feb. 2i». it w^is used with '00094 N . K;S04 solution. 
Theoretical osmotic pressure =16 mm. at 0° C. 



Oaogotovelt 








Temperature 
(de^^rees C.) 


narrow- 
limb 


wide-limb 


( open 
) 273 


267 




1 closed 






I 277 


266 1 




277 






280 


266 


9 


2d 2 


264 




280 


266 




280 


365-6 


8 



Time 



Monday, Feb. 29 



• • > ••• ••• 



Tuesday 
Th ij rsd ay ... ,,, ... ... 

Friday, Mar. 4. Pressure added 

Friday, Bfar. 11 

Wednesday 



••• ••• •»• 



The osmotic pressure set up seems to be 14 — 6 = 8 mm. at 9'^ C, 
the steady value for the last five days of the experiment. This is 
only half the theoretical value at O"" C. 

* FkiL M^^ Vol. issn. p. 478. 

16— S 
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The soiutioQ of this experiment was the weakest used. The 
low value here set up, compared with that of the experiment befoKi 
shows that the effect of impuntits which contaminate the oater 
water is much more marked as the dilution increases. 

(3) In the above experiments the outer water in which the 
cells have been standing was exposed to the air. In the experi* 
ment to follow, the outer vessel was closed by a cork, through 
which the glass of the cell passed. The cork also had a manometer 
passing through it containing mercury. The whole was rendered 
air-tight by pouring molten paraffin wax into a mould round the 
cork, and so covering it with a good layer of wax. That this wai 
air-tight was shown by the manometer steadily standing at diffemt 
levels under barometric changes. Since the osmotic pressure is 
the excess of the internal pressure set up over the atm<»phenc 
pressure, in this experiment corrections had to be made for the 
changes in the manometer levels. 

CeU e* '0034 N solution of potas&ium sulphate. Theoretical 
osmotic pressure at if C. = 577 mm. 



T 



TiDM, etc. 



TharadAj, JnW SI .. 

Pressure added 

Saturtlny 

Monday 

Tue&day 

\Vedne«day 

Thursday 

Thar8day(vreek later) 



Gauge levek 



oarrow- 
limb 



open 05 -2 
111 
12G-2 
132 
181 
126 
119 
86-5 



wide-limb 



55- S 
58*6 
51-4 

51 
51 
51-4 
524 

56- 2 



Correc- 
tions to 
difference 
of Imk 



- 2 o muu, 

+ 4 
+ 12 
+ 23 



Tempera 

ture 
(degree C) 



18-4 

18- 5 
18*4 
18*1 

17-6 
IB 

19- 3 



Osmotic 
pressure At 



73-5 



78 "f 
78-6 
53 8 



Followed by steady fall. 

From the table it will be seen that the maximum pressuie 
one of 78 6 mm. at an average temperature of 18^0., and remaiDed 
steady through four davs 

The theoretical pressure at W G. - 61*46 mm. 

Hence i.J[^.1.278, 



61-46 
'278 
2 " 



139, 



or 13*9 7o 0^ ^ dissociated 

Aooordiog to Jones'* cyroecopic determlnatioDB, a ia about IMl 

* PkO, M«9^ TaL uztl p. 473. 
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This experiment thus shows that when the influence of the 
imparities diflsolved from the air is provided against, the experi- 
mental values for the osmotic pressure approach more closely to 
the theoretical ones. 

It was after the last exj^riment that a preliminary experiment 
was made in order to examme the deterioration of the outer water 
by changes in its electrical resistance. 

By Uie telephone method, the resistance of the water hefore 
the experiment was 12875 ohms at IS'' ^ (the mean of five read- 
ings). After the experiment, after having been in contact with 
the cell for nearly three weeks, the water was again examined under 
t he same conditions : its resistance was found to be 2014 ohms at 
l^'^; or one-sixth of its former value. 

Arrangements were then made to carry out such an examina- 
tion of the water with greater care. 

Owing to other work, this examination of the resistance of the 
outer water at intervals had to be put off for a considerable time, 
during which cell e was washing in distilled water. 

The telephone method could not be used with sutHcient accuracy 
for the high resistances offered by the water used at tirst. A com- 
iimtator of the kind described and used by Fitzpatrick* and 
W hethamf was set up. It w.is driven by a water-motor. 

Water redistilled over alkaline pennang-anate and then over 
aeifj potassium sulphate was used. It had an absolute conductivity 
ot 3 S X 10-«. 

Cell e v^As standing in the glass bottle used for the outer 
vessel from July 1904 to January 1905. The distilled water was 
Ire^uentl) changed During the last week befoit; the experiment 
it was standing in and was hlled with the redii^tiUed water. The 
cell was therefore as clean as it well could be. The electrodes 
were of platinum, covered with platinum black and then heated 
to redneaa Thev were between the outer vessel and the ceU» and 
about half-way down the latter. The outer vessel was closed to 
the air by means of a cork covered with molten wax and was 
atending in a water-bath fitted with a thermostat The tempera- 
ture of the bath was fiurly steady, and only occasionally was the 
temperature raised above that of the room in order to get the 
temperature coefficient fot purposes of correction for small changes 
in the temperature of the water-bath* These corrections seldom 
affected the observed values above the second place of decimals. 

1 should say that the constant of the electrolytic cell in which 
the conductivity of the water was obtained, was found by using a 
standard solution of potassium chloride. Its diameter was about 
the distance between the cell e and the outer vessel. The actual 
resistance of the water in the electrolytic ceU was about 42200 
ohms ; that of the water, after arrangmg for experiment in the 

• B. ^. IfagMrl. 1886, p. m t PML 2Vwit. A, YoL cunr. p. 880 (1900). 
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outer vessel with the same electrcxJes, wa.s 42000 uhiiis. The 
constant (= 139) of the electrolytic cell was therefore used in the 
conductivities given below, from which values Curve I is draws. 
These are corrected to 10**4 C. 

, ^ J i» cell constant '139 

Absolute cimauctivity » ; — ~ = . 

" ezpennientai resistance R 



i 

Date 


Conductivity ! 
ftt 10° -4 C. 


Me 


Contlnctivity 
at C. 


Jan. 27 

„ 28 

31 


3- 3.10-* 

4- 63 
6 63 
7-76 


FeK 1 

» 3 
« ♦ 
n • 
» T 


8-62. 10-» 

10-23 

10- 60 

11- 64 

12- 00 



OoBfx L GluuiflB of eondfietivity of ootar 



Cottovcr 
-tmrr 





1 ' 
































• 








1 — 



































































































> 

— y t 


















































































1 TfM^ 

















10 



The apparatus was taken di)wn in order to add fresh redistilled 
water and to examine the working of the commutator. The 
contacts of this were cleaned and readjusted, and it^ working 
tested by using a coil in the place of the cell-resista-nce. The 
readiagb were taken, throughout, for the re&istance and tb6 
battery reversed. For the coil, the mean resiBtaiioe with tbe 
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oommutator still was 979*88 ohms; with the commutator working 
it was 979*75 ohma From time to time during the experiments, 
the coil was put in to see that the oommutator was working 
SAtis&ctorily. 

The water used in the second set of readings was rather better 
than the other, having an absolute conductivity below 3*0 x 10~* 
to begin with. Tbe conductivities are obtained from measure- 
ments extending over 15 days; they are corrected to 10°*5 C. 
The outer vessS was left open to the air. 



-6 
X 10 
10 0 



7-5 



6-0 



ft-S 



Data 


Osndaotivilj 


Pate 


ConduoliTitj 


March 2 

« 3 
» 4 

» 6 
7 


2-93. )0-« 

4- 28 

5- 25 

6- 52 

7- 06 

■ 


March 8 

13 

„ 15 


7-48. 10-« 
7-81 
9-31 
9-92 
10-45 
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15 



The diflFerences in tbe general character of these curves are 
important. In Curve where the water was not exposed to the 
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air, the conductivity iocreaaes at first uniformly with the time, 
almost as a straight line, (ailing off after the sixth day. Th$ 
flattening at the end indicates that the curve is tending to a 
constant value. In Cmnre II, the more curved portion is at the 
beginning, and the latter part is practically a strau^t line with 
the same slop (very little steeper) for the sixth t&y as Ibr the 
fifteenth. These differences are caused by the additional dlatiirih 
iug effect of the air in Curve II. 

In Curve I, the solution obtained from the soluble portioi 
of the pot> more and more nearty reaches its saturation strei^gtht 
owing to the very small quantity that will dissolve^ and con- 
sequently the rale of change in the conductivity of the water fidb 
off. In Carve II, the further portions of the curve are kept from 
flattening by the impurity which is steadily absorbed from the air. 
It will take a much longer time for the water to become satoiated 
with very soluble carbon dioxide (which will be the chief impoiity) 
than with the slightly soluble purt of the day; hence the com 
becomes practically a straight line and apparently continues si 
such for Rome distance beyond the limits of the diagi-am. 

There is one other experiment recently performed, which shows 
in a direct way that the osmotic pressure is very considen^ily 
reduced by the impurities in the outer water 

Cell e had been left through the vacation (from March 27 to 
April 28) with a solution of potassium sulphate that should give 
a pressure of 219 mm. On March 27, the cell was left with the 
gauge level at 235*8 (osmotic pressure attained = 208 mm. at this 
level), the cell being in a small outer vessel. A month later, the 
level was at 92*6, the cell being well under water outside. The 
comparatively small volume of the outer water must have become 
very impure during this month. It was removed and replaced by 
freshly boiled distilled water at the temperature of the labonitorj. 
The following were the gauge levels during the next few days. 









Tempera- 1 


TillM»6lO. 




Gauge 


tare of 
walar 








(dveeiC.) 




Friday, April 28 ... 


• •. . • • 


93*6 


11*8 




Saturday ••« 


•a. ... 


109 


11*5 




Monday, Bfay 1 ... 


.«• 


127-6 


11-i 




Tuesday 


... 


lSl-8 


11*6 




Outer water replaced 


hy new 








water 










Wednesday 


... • • . 


136 


11-5 








138-6 


11-5 


Rise of 46 mm. 


1 Monday, May 8 ... 


.•« •«• 


ld6*6 


U-6 
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With the fresh water present, the level of the gauge rose 
tHrough 46 mm. in kIx days, new water being placed outside on 
tlie fourth day. On the sixth day, after the second water was 
added, there were si^s of falling, showing that the impurity of the 
outer water waa b^gummg to have its eoect. 



Condtuum, 

Hence, the general concUiaion to which the experinients of 
this paper point is, that, owing to the impurities rect ived by the 
oyter water fri)ni the clay of the pot and the air, tlie osniotic 
properties of very dilute aqueous solutions cannot be measured 
directly by this method, and as formerly we shall have to depend 
(at lea^t for the present) on freezing-poiut and builuig-point 
methods. 
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NtfU* Since the body of this paper was written, I have, at the 
suggestion of Professor Thomson, examined water cootaining kaoliii 
for changes in its electrical conductivity. The kaolin used was 
washing for a week in several changes of distilled water, befoce 
being used for the experiment, in order to remove traces of any 
foreign soluble matter. Finally the kaolin was filtered off and 
washed with redistilled water. It was then placed in the outer 
vessel which was nsed with cell e fihovr, and covered to h con- 
venient depth with redistilled water. The vessel wiis closed t-' 
the iiir and placed in a water bath. The same method of taking 
the resist^ce was used. The following values of the conductivity 

( ^ ^' obtained, and from them the cure above is 

drawn. 





Conductivi^ 


D»te 


CouductiTitij 


Jttne 13 

u 

» 17 
„ 19 


5-20. 10-* : 

5*43 I 

5-57 

5-60 


June 2! 
July 6 
II ^ 

1 1 


6-62 . 10-» 

5-71 

5-76 
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The wpandon of a gas into a vacuwn and the dderminaHon 
of the specifiG lusai at eonttaviit preBmre for gates. By Q. F. G. 
SfiUiLV, M. A., F.RS., Univenity Lecturer in Experimental Physics, 
Cambridge. 

[Mead 'Ad January 1906.] 

§ 1. The eoipaneian of a gas into a vacuum. 

In an important thermodynamical experiment, first made bjy 
Gay Lussac, gas is forced into a reoeiTer till a high (nessure is 
reached and then the pressure is allowed to &AI Dy opening a 
< ommunication between the receiver and an exhausted vessel. 
The experiment was repeated, with modifications^ by Joule, who 
found that, when thermal equilibrium between the parts of the 
gaa had been re-established by means of the water in which the 
apparatus was immersed, the temperature of this water was not 
sensibly changed by the expansion. When the change of tempe- 
rature of the water is awuraidy zero, it follows that the internal 
energy of a gramme of the gas depends only upon its temperature 
and not upon its volume. But it may be useful to consider a case 
in which this ideal experimental result would not be obtained, and 
to show how the change of temperature of the gas, when the 
vessels arc impermfahle to heat, may be calculated for a gas 
obeying Yan der Waais' equation 

{p + l){v-b)~IU (IX 

Here, and throughout this communication, the sj^mbol t denotes 
the absolute temperature. 

If Uhe the internal energy and <ft the entropy of one gramme 
of and if the heat taken in by the gas be measured in ergs, 
wenavet for isothermal expansion, 

dU = id<j> - pdv, (t constant), 

VOt. XUl. PT. v. 17 
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sinoe the increase of energy is equal to the heat absorbed intMif 
the w<»rk done. Thus 

^r'ir^ -^^^ 

By a thermodynamical formula, this may be written 

dlJ .dp 

isi-%-p 

But, by (1), P"^'?' 
Integrating (4), we obtain 

(5X 

where f{t) is some function of t This (unction is closely related 
to the specific heat at constant volume, for 

<^-s-^ •<« 

We may notice, in passing, that, according to (6), the specific 
heat depends only upon the temperature and not upcm the 
volume of unit mass. 

In the experiment under conaderation no external work is 
done by the gas, and, when the vessels are impermeable to heat, 
no heat escapes. Thus, the internal energy of unit mass, after 
ilibri 



thermal equilibrium has been established^ is unchanged by the 
expansion. Hence, if the volume of one gramme increase ftxmi 
vtoi/ CO., and if, at the same time, the temperature change from 
t to t', we have, by (6), 

From (6) we see that 
and hence 

If the range of temperature be small, we may treat the specific 
heat C7« as constant over that range, and then we may write 
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This equation, theo, shows the fall of temperature t^t' due to the 
expansion from v to v'. 

In the case of CO,, Van der Waals found 

where P k the preasure in atmospheres, and Fis the ratio of the 
volnme of 1 gramme to ite volume (F,) at normal temperature 
md prasofe. Since one atmosphere is eqnivident to 1 014 x 10* 
djynee per aqoare cm. md since Vo is 505 ac, Van der Waab' 
equation, when eipreBsed in mjb. unite, becomes 

/ p 000874x505^/ v .n^ooaaV^^^i 

or (p-H ^'^V^^ ) (v-116)-l-89 x 10»^. 

Thoe a » 2*26 x 10* cm.* gnnr> aec.^*. 
I 1*16 cc per gramme. 

12 = 1*89 X 10* ergs per gninime per degree. 

According to Joly the mean specific heat at constant volume 
over the range from about lo^'C. to lOO^C. varies appreciably with 
the pre?siirc — nn indirntioTi that Van der \Vtial<^* Ci|uation does 
not compietel}' represent the facts of the case. F-ir tlio present 
purpose, however, may be taken as 0*17 x 4 2 x 10=^ or 714 x 10* 
ergs per gramme per degree. 

If in the expansion experiment the initial volume of 1 gramme 
be 50 c.c. and the initial temperature 273', the iuiti.ii pressure 
will be about 10 atmospheres. If the final volume be XOO cc, we 
have 

* ^ T-uxio^Uo loo; ^' 

Thus, in the case of COt, when the pressure falls from about 
10 to about 5 atmospheres there is a cooling of about 3°C. 

By equating the enei^ of the whole of the gas in its final 
state to the sum of the energies of the separate parts in their 
initial states^ it is eamiy shown that when two vessels of volumes 
F| and F, c.c. c<»itaimng Mi and Jfa grammes of gas at tempera- 
tures ti and it are put into communication, the temperature If 
attained when thermal equilibrium has been established, is, for 
small ranges of temperature, given by 



17—2 
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§ 2. 27^ dd&rminaUon of ike spedfio hetU oi oondant premure 

for gam. 

In the experimental determina^on of the specific heat of a 
1^ at constant pressure, the gas is sent through a spiral tube 
immersed in water in a calorimeter, and the temperature of the 
gas before and after passing through the tube is observed as well 
as the rate of change of the temperature of the water in the 
calorimeter. When the pressure of the gas is the same on both 
sifles of the spiral, the experiment gives the specific heat of 
the gas directly, but, in practice, there must be a small difference 
of pressure, and thus some small rorrcc tion becomes necessary 

The process is really an extrcini' case of the porous plug 
e X peri in e lit, and is best considered from the point of view of that 
experiment. 

We may begin with the case of a "perfect" gas, i.e. a gas 
obeying Boyle's Yaw and having its internal energy dependent only 
upon its temperature. The second of these conditions implies that 
aOjdvt is zero* Thus, by (3) 

Integrating, we bave 

log;)-h(?(v)-log<, 

or pF(v) = t, 

where G(v) and F( v) are functions of v alone. But, since Rovle's 
law is obeyed, F{v)^v/K, where M is 9k constant. The chiuac- 
teristic equation is therefore 

pV'^Et (8). 

Since (T* u a function of I alone, we may write 

It is unnecessary to :iild a subscript v to the differential coefficient 
to show that V IS constant during the differentiation, because U is 
independent of v. 

If we equate the heat absorho'l, when the gas is heated at 
oonstatit })ressin e, to the gum of the energy gained by the gas and 
the work done by it, we have 

so that 

«Ci+-R (lu). 
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Suppose, now, that, as the gas eaten the spiral tabe, its slate 
is defined by p, 9, 1 and that, on leaving, its state is deBned by 
p\^»f» and that each gramme of gas, as it passes through the 
tnbe, abeorbs H ergs of heat from the calorimeter. Suppose, 
farther, that the flow is ver^ slow so that the conditions may be 
treated as "steady" at each instant* and so that the kinetic eneivy 
of the gas at the places where t and f are measured may be 
negligible. Then we have 

or, by (8), H ^.R (tf^t)-^U'^ U. 

But. by (9), 

and thus iT - J2 - 1) + £ O^t, 

or,by(iO), E^j^^ 

Hp nee we see that, when the gas is perfect, the heat absorbed 
by one gramme of gas is equal to the range of temperature 
rnulti|)Iie(i by the mean specific heat at constant pressure for 
that range. Since, by (9), 0^ depends only upon the temperature, 
it follows from (10) that Cj, depends only upon the temperature, 
and thus it is not necessary to know the pressure of the gas 
either before or alter its passage through the spiral, or to take 
any precautions to eiism* that the fall of pressure of the gas on 
passing through the spiral should be small. 

The text- books lay stress on the importance of ensuring that 
this fall of pressure is very small; this is illustrated by the 
following extracts which refer to Renault's experiments: (A)* " It 
was further rucessary to ascertain if the pressure of the gas was 
the same at entering as at leavinef the calorimeter. If that is not 
tlie case, the ga.s will have expfinded in the calorimeter, doing 
work and absorbing heat and a conseL|uent error will be intro- 
duced* Water inanometere placed at the entrance and the exit 
showed no more than 1 mm. difference so that the error arising 
from this cau.se was quite insensible." (B)' "Its pressure at entry 
and emergence wa-s shown by subsidiary experiments to differ by 
not more than 1 mm. uf water. Hence the pressure was practically 
constant. We see then that a known weight of gas at coustaiit 
pressure was cooled in the calorimeter by an observed mean 
amouDi.** 



> PntlOD, Tk§ar}f 0/ Htai, and ed.» p. 376. 

* Hmto appMn to be fOBM ooDhmott hm A gat aeeaiiMiflly wftsndm litm 

ite temperature n'Res and its pressare remains OODltalll* 
t pojnting and Xbomaon, Htau p* 70, 
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From such statements a student would not unnaturally draw 
the conclusion that, if the pressure at entry had exceeded that on 
emergence by the pressure due to a few centimetres of water, the 
heat absorbed from or given out to the calorimeter while one 
gramme passed would have differed appreciably from the product 
of the change of temperature and the mean specific heat. But 
we have seen that, for a *' perfect " gas the difference of pretsur^ 
is absolutely without effect upon the result and thus wtj are led 
to expect that, for gases which are almost perfect, the effects of 
differences of pressure will be practically negligible. 

The correction which is necessary in the case of an imperfect 
gas can be at once written down, when the results of the Thomson- 
Joule porous plug experiment for that gas are known. 

If S ergs of heat be abeorbed from the calorimeter while one 
gramme of gas passes through the spiral^ we have 

po-pV-^E^U'-U (IIX 

where U refer to the gas as it enters and p\ v\ U' refer to the 
^ as It leaves the spiral Here we are only concerned with ^ 
mitial and final states of the gas and with the total amount of 
heat absorbed from the calorimeter during the passage of cae 
gramme of gas through the spiral We may therefore suppose 
that the gas passes through a porous plug before it reaches the 
calorimeter, and that there is no fall of pressure in the tqpinl 
itself. If we further supnose that no heat enters or leaves the 
gas as it passes through the porous plug, the heat absorbed from 
the calorimeter is the same as in the actual experiment The gtt, 
which enters the plug at tem{>erature leaves it at a tempem- 
ture t\ the difference f '^t being calculable from the results of 
the Thomson-Joule experiment in terms of the foil of presmie 

If U"' refer to the gas as it leaves the porous plug, the 
enei^gy equation, corresponding to the passsge of the gas tVrougli 
the spiral at the constant pressure becomes 

In finding U'—U" we ma^ take the gas from one state to the 
other by my path on tlie po diagram, since U*^ U" dep^ids ody 
on the two states. The most convenient path is obviously tM 
one in which the pressiire has the constant value j/. Then 
U'^'U" is eciMuX to the heat absorbed by one gramme of gas 
along this patn mtniie the work done by it along the same piSh. 
Uenoe, we have 
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Thus H^j^^C^dt, 

/I* ff 

Here we must specify that the specific heat is that at the 
const'^nt pressure p, for in an imperfect gas the specific heat 
may depend upon the pressured Since tne specific heat C. 
depends only slightlv upon the temperature Id the case of actual 
gasee, we see that the eorrection to hte applied to the change of 
tempentoie oh«med in the actual determination is approxi* 
mately equal to that which occurs in the Thomson-Joule experi* 
ment, when the initial temperature is i and the pressure Mh 
firomo to p', ^ 

The resalts obtained by Thomson and Joule' for air show that, 
whenp' is one atmo and t is 378* on the absolute scale, there is a 
cooling of about one-seventh of a degiee for a foil of pressure of one 
atmo, or about 1/7000 degree for a foil of pressure corresponding 
to one centimetre of water. Thus» if the difference of pressure 
oomspond to h ems. of water, we have approximately 

-A/7000. 

Thus» approximately, 

Henoe» if the pressure of the air on entering the spiral exceed 
ite pressure on leaving the BpMi by so much as corresponds to 
lOcma of water, the correction to be applied to the observed 
diflforence of temperature is onlv about degree. The differ- 
ence of temperature would probably never be less than 10"* C. 
in an actual experiment, so that the correction is practically 
legligible. 

If the results of the Thomson-Joule experiment be not known 
for any particular gas, the correction can still be calculated when 
the characteristic equation of the gas is known. To simplify the 
calculation in the case of a gas obeying Van der Waals' equatbn, 
terms involving the product ab and squares and higher powers 

» Sine© for aay aubaUnce -r^«-<Tr*» follows that the characteristic 
aquation of 4 iaUt«noe^ for which Cp is lodependent of the preiaan, it 

where /(p) uidg(p) ti« Mij fimotiflBS ol p. If fUt •qnatioa li not tilidUd, 

Cp will depend npon the pressure. 

* Lord KeWio, Mathematical and Phyiieal Faptn, Vol. i. p. 419. 
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of a and b may be neglected. The equation then takes the 
modified form 

pV-'fh'^^mlU 

Let the points At B in the figure represent on the pv diagnin, 
the state of the gas on entering and leaving the spiral Then, io 
finding the difference between (T, the energy of one gramme of 
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Fig. 1. 



gas at and U the energy at we may take the sas b^ anj 
path we please. The most convenient path is ACB, which u 
made up of the isothermal AC passing through A and the 
isopiestic CB passing through B. Let the areas into which the 
die^^m is divided by lines of constant pressure and constant 
▼olurne be indicated bj the letters placed m them. If be the 
specific heat at the constant pressure and if Q be the best 
absorbed by one gramme of gas as it expands^ at constant tern* 
perature^ from ^ to 0, we have 

U'-U^Q-^j^Cffdt- work done in path ACB 



the temperature having the constant value t in the last two 
integrals. 

Slow, if H ergs of heat be absorbed from the calurimeler by 
each gramme of gas as it passes through the spiral, 
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Hence 

-/:(-'^* •<>')• 

the temperature having the constant value t on the right side. 
From the modified Van der Waab' equation (12) we have 

dv RtA-pb — alv Rt 
dtp p p-a/v^ 

Expanding the second denominator by the binomial theorem, 
we obtain, to the order of accuracy which we have adopted, 

^dv , a aRt 

v-t-jr =6- - ^ „. 
(Itjj pv p^v^ 

To the same order of accuracy we may replace pv by Bt, 
and thus 



Hence 



dv , 2a 



If p' be the difference of pressure due to a height of h cm. 
of water, we have p—p' = 981 h, and thus we find that, when 00, 
enters the spiral at ^73" on the absolute scale, 

~ l^SO gramme. 

Taking Cy as 0*2 x 4 2 x W or 8*4 x lO* ergs per gramme 
l>* r degree, we see that the correction arising from a difiference 
ul pressure of h cm. of water amounts to only A/1630. Thus when 
h = 10, the correction amounts to 1;163 of a degree. Though 
this is about four times as great as the correction we found was 
necessary in the case of air, it is still practically negligible. 

Thanks are due to Prof J. H. Poyiiuog, F.R.S., for his criticism 
and assistance lu coimexiou with this paper. 
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A Novel Instruvunt for Illustrating the Magnetic 2^ raperttes of 
Iron. By A. H. Peake, M.A., St John's College, 

[JUad 29 Jmuny 1906.] 

The instrument here described is one which was designed by 
the author in order to illustrate, with as simple apparatus as 
possible, the phenomenon of magnetic hysteresis. 

This instrument, of which a view is given in Fig. 1, is self- 
contained, that is to say, no other apparatus or instruments art 
required in conjunction with it, neither doet; it require any electric 
current, the magnetising forces being produced by permanent 
magnets which form part of the instrument. 

Principle of the Ifw&ummit 

The principle on which it is ba^ed is as follows : — 
If a sample of iron, which is very thin in proportion to its 
length, is suspended in a uniform magnetic field, the magnetisinr 
force, to whicn the sample is subjected, is equal to the resolvea 
component of the field in the direction of the length of the 
specimen, and the induction produced is proportional to the turo- 
ing moment experienced by the sample, when the piano ( t "h^ 
sample makes but a slight inclination with the plane normal to 
the lines of force. In this |)articular instrument the turning 
moment is balanced by a gravitational control, and the same 
pointer serves to read on two different scales both the angle oi 
inclination of the specimen to the field, and hence the magnetisiiig 
force H, and also the angle turned through from the direction 
assumed when under the action of gravity alone, this latter angle 
being a measure of the induction B produced. See Figs. 2 and Z. 

DeUnla of Me Instrwneni. 

The sample used is a strip of sheet iron, or wires arranged side 
by side so as to approximate iu form to a strip ; they are three 
inches in length, and may bo of any width up to five-eighths of an 
inch. They are supported in a cradle, to which a long aluminiutE 
pointer and an adjustable brass control weight are attached ; tte 
cradle with the pointer and control weight ai-e carried on two steei 
points, which arc pivoted, the one in an agate cup of conical 
shape, and the other in a V-shaped trough of agate, so that ar!-' 
removing the cradle for the insertion of a sample, the steel point: 
are easily replaced in their bearings in exactly the same pofiitiofi 
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as before. The sample is pushed into position m the cradle \ip to 
a stop provideil for the purpose, where it is held by a brass spring ; 
when in po^Jitiou its centre of gravity is in line with the two steel 
}K)iiit s w inch define the axis about which it may turn, and conse- 
quently tiie weififht of the sample in no way aftects the gravita- 
tional controlling force to which the pivoted portion of the 
apparatus is subject. 

The axis of the portion of the apparatus just described is in 
the same line with the axis of a turn-table of brass, to which the 
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peimaaent magnets providing the magnetic field are bolted ; these 
fliaglietB are boilt ap of sixteen buMnagnets, placed so as to give 
a strong borimtal field at right angles to the axis of the torn* 
table* The turn-table is attacned to a wooden stand, and may be 
turned by meeila of a nut and screw on the right-hand side of the 
instrument so as to incline the direction of the field a few degrees 
to the horizontal either way ; " back-lash " is takea up by a strong 
spiral spring, which causes the nut to bear always in one direction 
against ita a^pport. . One scale of the inst^ment^ the E aoale, ia 
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rigidly attached to the turn-table, while the other, thi^ B scale, is 
fastened to the back of the stand. A strip of lo<:»kiTVLr-cr'^^^ 
provided to avoid parallax in refiding the position of the Hidt x: 
this index consists of a fine wire at the end of the aluniiniuiii 
pointer, stretciiing across boih scales. A damping vane is att^hed 
to the end of the rod supporting the control weight, and generally 
is immersed in an oil dash-pot. 

Method of OperaHan, 

The stand is levelled by means of the levelling screw in the 
base ; this is best done by putting the cradle in position withoot 
any iron in it, and then turning the levelling screw ontil the indei 
points to the zero of the B scmo ; the sero of the H scale sboold 
then be brought into line with the pointer, and the instrument ii 
then ready to receive the specimen* After the insertion of the 
sample in the cradle, the latter is replaced in poeitiony and if the 
sample is not magnetised the index will again be over the aero of 
both scales, the plane of the specimen will be vertical, and normal 
to the lines of force due to the permanent ma^ets. Then bj 
gently turning the turn-table, avoiding jerks which would csnse 
the pointer to oscillate, the specimen may be subjected to any 
desirad cycle of magnetising force, and the corresponding readings 
on the B scale may be oraerved. The whole time required to 
take the observations for a complete hysteresis cycle is but a few 
minutes. 

Dema^eHeing of Sample, 

To demagnetise a sample of iron that may have been ma^et- 
ised previous to testing, all that is necessary is to place it in 
position with the oil dash-pot removed, and start it swinging ; this 
demagnetises the sample oy revmals, and it soon comes to rest» 
owing to the damping action of the hysteresis losa 

It was found by experiment that the BH curve obtained bjr 
slowly increasing H after dema^etisation was the same as thai 
obtained by reversing several times successive values of H, sod 
hence, the former method being much more rapid, it was the one 
used in obtaining the "revenal curve." 

Calibration of Instrument, 

The calibration of the scales of the instrument has not beeo 
carried out with any great refinement, as the instrument is in- 
tended for illustrating principles, and is not suitable for deter- 
mining quantitatively the actual hysteresis loss in the samples 
tested ; nevertheless it was thought advisable to obtain approxi- 
mately the value of the scale divisions in ordinary units, and also 
to determino tho rprinrtioTi in the magnetising force, resulting 
from the actual production of mugnetic induction in the qpeciom 
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(hrrectum for DmnagneHsin^f Action of PoUt. 

The correction for the demagnetising a( tion due to the flux 
produced is proportional to the total Hux, rin<1 was determined by 
obtainin^^ the BH curves for siiniples <;oii8ihtii»g of 2, 4, 6, and 8 
similar iron wires; these Were plotted with readings of the 
H scale for abscissae, and readings of the B scale, divided by the 
number of wires in sample, for ordinates; it was then seen that 
by shearing back the axis correspooding to zero by an arnoant 
equal to the B scale reading, the corves became nearly coincident^ 
and consequently if this axis is always sheared liack by this 
amount, the resulting curve referred to rectangular coordinates is 
corrected for the demagnetising action. 

Fig. 4 shows the curves thus plotted for the samples consisting 
of 4 and 8 wires respectively. 




0 6 iO 



Value of Scale Divisions. 

The approximate value of the scale divisions m c.u.s. units 
w;ks determined by obtaining first of all the controlling or restoring 
couple for a deflection of oae division, and then with a sample of 
knowu maxiiiiiHii |h imeability in the instrument a BH curve was 
obtained, these data, together with the dimensions of the sample, 
being .sufficient for the purpose. 

The controlling cuuple was determined both l)y direct observa- 
Uun of the deflection produced by a known weight snspendud at 
a measured distance from the axis, and also by observing the 
periodic time of the cradle portion for small oscillations, firstly 
under normal adjustment and then with the addition of a brass 
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bar, which was lashed securely to the pointer, the change io the 
iiioment of inertia and in the gravitational restoring couple of the 
swinging system being e^wily calciiiated from measuiemeats of the 
dimensions, position, and weight of the added rod. 

In the first of these methixia a 20 gramme weight when 
suspended at a horizontal distance from the axis of 3*86 cma. 
produced a defection of 12 3 divisions on the B scale, hence the 

LA o 

20 X 3-86 X 981 a^af^ a 

j^^g m 6,160 dyne cms. 

In the eeoond m^hod the time iat a oomplete oecUhtkNi under 
normal adjustment wae 0'782 seoonda Let ua call thia 

Let and Oq represent zeapectiTelj the moment of inertia of 
the system ahout the axis of auapension and the controlling coa^ 
in djne cm&/iadians for very small angles of diaplaoementi nnder 
thia same adjustment, hefore the addition of the brass rod. 

Let also Ti, I^, and Oi stand respectively for ^e new periodic 
time, eta, after the addition of tiie brass rod. 

2*1 waa found to be 1-18 sees. 



Then (1) «i-2v^^^ 



(2) I\-27r>y/^. 



These equations may be written thus : 

(1) /.=<^.(fe)'. 

SubbMtiiig 

/.-/. = (ft -(?,)(£)*+<?. 



Now I I — I 9 change in moment of inertia ) doe to addition of 
and ""Change in gravitational control j brass rod. 

The paiticulan of brass rod were aa follows : 
Lraffth 10*75 cma 

Widih 1*25 cms. (Negligible in caleulatiug /.) 
Centre of gravity 8*62 cms. above azi& 
Weight 36*74 grammes. 
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Consequently 

Ix-I.^ 86T4 18-62» + ^ (^^)'| = 3,080 gramme cms. 
and 

Om^Oim 36*74 X 8-62 x 981 = 310,000 dyne erofi./radiaD8, 
hence 

- Mi«^^t=>l 0^M12«Z. 706.000 dyne ca«./r.di««. 

Now one dWuion on the B scale = *0086 ladians, therefore 
reatofing couple per division = 706,000 x ^0086 = 6»090 dyne oma. 
Average of resalts by two methods » 6|120 dyne ems. per div. 

Thei^ as previously stated, & specimen of iron whose maximum 
permeabflity was known, having been determined by the ballistic 
galvanometer method^ was pla(^ in the instrument, and the BH 
curve obtained for it in the arbitrary units fixed by the scale 
divisions. This curve, corrected for demagnetisation, is shown 
in Fig* 5. 




Fig. 5. 



It is seen tbat the permeability is a maximum in the neigh- 
bourhood ' of ^ = 2*8 divs. and 7? =1-6 divs. 

The approximate values of B and H in C.G.S. units coiTe- 
spondiog to these scale readings w^re then determined from 
the equations 

Hal 

(1) Moment in dyne cms. 1*6 x 6,120 » . H, 

(2) B~JIfi:^HB^, 
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where H « strength of magnetic field, 

a = cross-section of specimen, 
and I = eifective length of specimen between magnetic poitb. 



10 5 0 5 » 




Fig. 6. 



One division of H scale = '00836 ladi&na, 
therefofe $ = -00^96 x 2*8 radians, 

fi « 2,100, as determined by ballistic method. 

B B 
Hence fiom (2) if - j-y^ x <)083'e"xl-8 = iH ' 

The weijTht of the sp Tiuieii was 114 grammes, the specim<^o 
was of umiorm section ami of speci6c gravity 7'78, hence 

, lU 
7-78 
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Fig. 1. 
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This is only approximate, since the assumption is here made that the 
effective distance between the poles is the full length of the sample* 
Inserting these values in (1) we have 

1-6 X 6.120 X 49 1 xiirxm^^^ 250,000, 



S« 6,410, and if » 



114 

6,410 



3 06, or 1*09 gaoM per cLiv. 




Fig. 7. 

The length of the fample was 7*62 em«., henoe the eron-eeetion 



1 14 



-0198, 



7-78 X 7-62 

therefore Ba^ 6,410 x 0193 - or 77 per div. of £ sc^fe. 

Hence to obtain £ in any sample, multiply the £ scale read- 
ing by 77, and divide by the cross-section of the specimen. 

BeetdU Okained. 

Figs. 6 and 7 shew ezainpies of hysteresis cycles got with the 
iutrament 
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On ike AcHan of Radium and mth&r SaJtU on CMolm. Bj 
W. A. Douglas Rodgb, M.A., St John's College. 

[Read 29 Januaiy 1906.] 

On October Slat I gave a short account of some ezperimenr« 
which I had made oo the action of radium salts on gelatin. The 
present communication is a more detailed account. 

If a small amount of a radium salt is sprinkled upon the 
surface of some sterilised gelatin, a rapid change is seen in the 
appearance of the latter where the salt touches it. A whitish 
sort of patch Is formed under the radium and this patch extends 
and becomes nebulous and like an ordinary fun^s or mould in 
appearance. The growth goes on for about two days. 

The most convenient means of examination was to place the 
gelatin upon a glass slip, add a speck of radium preparation, 
cover with a thin glass and examine with a half-inch power. It 
was then seen that aronrifl the radium the gelatin liquefied and 
a copious evolution of gas bubbles took place. At the same time 
a sort of "growth" appeared, quite distinct from the bubbles, 
and spread round the particle of radium. The growth seemr^ 
like a mass of micrococci, and it slowly extended, reaching a 
maximum in abo\it a day. On examining the growth with a 
high power, it appeared to consist of a collection of cells resem- 
bling starch granules, and after a day or two something like a 
nucleus coula be seen. 

The idea has been advanced that these cellular growths were 
in some ways analogous to living cells. 

Many groups of cells could be seen, and especially pairs which 
looked as though a single cell had divided into two, but very 
careful watching showed no signs of any fusion actually occurring, 
and the fact that a "dumb-bell" arrangement was frequently 
found, appeared to the author to be purely fortuitous. 

As radium preparations are composed chiefly of barium it 
seemed likely tnat salts of the latter metal might be capable of 
acting on the gelatin, and on putting the matter to the test this 
was seen to be the case, and a growth was obtained which ooold 
scarcely be distinguished firom that caused by the radium. 

A close examination was next made with most of the metalUe 
salts awlable in the laboratoijr. and besidea radium and baitnm 
oidj stvontiam and lead salts yielded any definite lesnlta. 

Now gelatin contains sulphur as an essential constituoit* and 
in tihe couise of manufaetute is» I bdieTc^ troato d with su^iir 
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dioxide in order to clarify and bleach it, therefore it seemed 
likely that the so called growth originated about a precipitate 
ot an insoluble Hulphate, and this idea was substantiated by the 
circumstance that only those metals which form inboiuble sul- 
phates could produce the growth. 

The formation of a cell round a particle of precipitate may be 
explained by an alteration in the degree of hydration either of 
the p^ipitate or of the surrounding gelatin, thus forming an 
empty space. It has been stated by Mr Burke that the cells 
disappear on heating. This of coarse would naturally be the 
case as the gelatin would melt and the vacuole collapse, and the 
amall particle of precipitates might easily escape notice. 

Exneiiments were made with the ohjeet of ascertaining whether 
the gelatin oould be rendered tmly "sterile" to the action of 
radium salts. It was found that on adding a solution of either 
radiom or barium salt to liquefied gelatin a prscipitate was 
obtained, which varied in amount with different samples of 
gelatin. This prscipitate was filtered off and was found to 
consist of barium sulphate in both cases. A clear liquid was 
secured by filtering through a porous tube under pressure. Drops 
of this liquid were allowed to set on glass slips, a speck of radium 
added, and the prspamtion watched under the microscope. No 
growth coM be seen. This was to be expected, for the matter 
fiirming the precipitate having been removed the growth natur- 
ally could not form. On ad^ng to this sterile gelatin a small 
qnantitjr of a soluble sulphate, and testing with radium, the 
growth made its appearance. Solutions of other gelatinous and 
mncilaginoas substances were used» such as sodium silicate, col- 
loidal calcium sulphate, starch, gum, etc. With sodium silicate 
and calcium sulphate, growths nuide their appearance, but this 
was not the case with starch or gum unless a small amount of 
soluble sulphate wr^ present. If the solutions were made with 
tap \vat*T instead ot distilled water, thf^ sulphatp present iu the 
'brmer was quite sutiicient to cause a very percept ibU' ^Towth. 

From the'^ experiments it seems quite conclusive that radium 
has no specitic action upon gelatin such as to lead to the for- 
mation of cellp, and that any effect which may be seen is due 
to the barium, which makes up the grpfitpr part of the radium 
salt, acting upon the sulphur compounds present m the gelatin. 
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Srtsceptibility of Iron in Colloidal Solution, By E. F. BuRTOv, 
Emmanuel CoUege, and P. Phillips, Emmanuel College; 1851 
Exhibition SoholaiB. (Communicated by Professor J. J. THOMSOif.) 

[Head 29 January 1906. J 
Introduction. 

Some years ago Townsend* made an exhaustive series of 
experiments on the susceptibility of aqueous solutions of vaxious 
iron salts of both the ferric and ferrous type and was led to 
formulate two empirical formulae connecting the susceptibility 
of any such solution with the quantity of iron per cubic centi- 
metre in the solution. If A; is the susceptibility of a solution, i^; 
the w^ht of iron per cc, then, taking the susceptibility of pare 
water equal to 7*7 x 10~^, we have for ferric salts 

1(F *- 2660 7-7, 

and for fenoos salts 

l(r Af « 2060 7-7. 

Further Townsend found that» roughly, the magnetic propeitiee 
of the ▼aiioue salts in the dry state are the same as when thej 
are in solution. 

These results show dearly that the magnetiation is entifely 

due to the iron, and is accurately the same whatever the acid 
radical ooonected with it so lon^ as the iron remains either in the 
ferrous or ferrio state. Assummg a similar formula to hold for 
pare iron in a solution, a simple calculation shows that the 
oonstsnt coefficient for *w* would be much larger than that in 
the above equations. Again, Townsend found that when iron 
appears in the acid radical, e.g. in ferrocyanides, its permeability 
is less than of the value when the iron plays the part of a 
metal in a salt. From these results we may conclude thal^ so fiw 
as its magnetic properties are concerned, iron exists in four 
different states : (1) as pure iron, (2) as ferric iron in salts, (d) as 
ferrous iron in salts, ana (4) in the acid radical in salts. 

Iron exists in still another form^ — in colloidal solution — for 
which determinations of magnetic properties have been wanting. 
The purpose of the experiments recorded in the present paper 
was to hnd the susroptibility of a colloidal solution of iron m 
methyl alcohol and to deduce the formula analogous to Townsend's 
for iron in this state. The results show that the iron in the 
colloidal solution is over thirteen times as magnetic as that in 
ferric (or ferrous) salts — a conclusion which has an important 
bearing on the theory of the constitution of colloidal solutions. 

* ''UBtfM/^ibM of Liqnidi,'* PktL limm. 1S7. A, MS, p. 5SS. 
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ApparaiuB. 

On aooount af the extreme teomty of the oollotdal solutioii 
and the small quantity available, it was neoesaary to be able to 
make delicate measurements on small quantities of the soluticm. 
The method adopted was that first suggested hy Lord Kelvin* 
and afterwards used by Willsf in his experiments on the sus- 
ceptibility of weakly magnetie solids and liquids. 

A general idea of ihie apparatus is given in Fig. 1. A tect- 





Fig. 1. 

angular slab (A) oi the material whose susceptibility is to be 
measured, is so suspended from one arm of a balance (B), that its 
long azia is vertical and its lower &oe is in the strongest part of 
the field between the poles of an electromagnet. 

If A? = susceptibility of the material, 

A B area of the horizoutal section of slab, 
Hi ai magnetic field at bottom of slab, 
jETfS magnetic field at top of slab^ 

then the pull, P, on the slab due to the magnetic field is given by 
the 'equation 

p ti<(g.«-ir.«) 
p- — ^ — pw* 

In the present experiment the pole piece? were prismatic ones, 
whose vertical faces were 7 '5 cms. by 1 cm., the longer edges being 

* BriL Aitee, l^p. 1800, p. 745. 

t waif, Pkg§. JKmt., April, ISOSs <». Manh, 1006. 
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horizontal These were fixed onoe for all at a distance of 1*2 cms. 
apart As the slab {A ) was over 8 cms. lon^, H^* may be ne^ected 
in comparison with Hu so that the expression for P becomes 

In order to measure k for a liquid, the slab A is replaced by 
a small rectnngular glass vessel, and the difference between the 
force on the empty vessel and that on the vessel full of liq^iid, 
gives the pull on a known slab of liquid. The internal dimensions 
of the vessel used were 3 01 cms. by '873 cms. by 8*0 cms., of 
which only the dimensions of the horizontal section need be 
known accurately. The vessel was tilled through a small hole 
in the top, which could then be sealed up so as to prevent 
evaporation. 

The colluuial solution was prepared by Bparkmg (40 volts, 
6'5 amps.) between two soft iron electrodes beneath the surface 
of pure methyl alcohol, which was kept surrounded with ice. In 
order tu ehUmate the quantity of iron per cc. in such a solution 
a measured quantity was evaporated in a previously weighed 
porcelain dish ; the residue was then heated to redness so as to 
convert it to Fe,0, and weighed. 

EssperimenM SuuUg. 

The results will be tabulated under the following heads : 
(1) the measurement of the field between the poles, (2) the 
susceptibility of pure methyl alcohol, (3) the susceptibility of the 
colloidal solution, and (4; the deduction of the Gonstant in the 
Townsend formula. 

1. MeasuremmU of Field 

The field was messured by finding the pall exerted by it upoa 
a conductor canying a known current, and placed horiaontallj 
between the poles. A block of wood ha?ing the same external 
dimensions as the glass cell to be osed, was made so as to permit 
it to hang between the poles in exactly the same position as thm 
cell itself. Around the two Yertical edges and lx>ttom of this 
block was pasted a continuous strip of tin-foil ; to the upper ends 
of the foil wires were soldered, and then led out so tnat anj 
desired current might be passed through the foil. If the cnrrent 
carried by the foil be i amperes, the length of the horizontal 
portion of the foil be / cms., then the pull, P, in grams exerted by 
a field { H) on the lower horizontal strip of the foil will be giveii 
by the equation 

p.^ ie H^l^^ 
lOg 1% 
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Am wood is itself slightly diamagnetie the field will eiart a 
tooe on the block eren with no coRent throvjffh the foU — an 
effect whidi must be taken into oonaideiation. TMe I ffives the 
weights which were neoeesaiy to counterbalance the block of 
wood, with DO current passing through the tin-ibil, when different 
can«nts were sent throoffh the coSs of the eleetromajraet In 
column m are recorded we puUs exerted by the fields of different 
strengths on the block of wood. 

TabiiB L 



SutotpUbility of Wooden Blodk; no currmt in foil. 



Conest loi 


Counterbalancing 
might 


Pull due to the 


0 Mnptew 

0 ,. 
9-9 „ 

0 ., 
11-8 ., 

0 .. 
15 „ 

0 „ 
17 ,. 
0 „ 


39 053 gnms 
39023 „ 
39-054 „ 
39016 „ 

39053 „ 
39 012 „ 

39054 „ 
39*001 „ 
89-052 „ 
38*996 „ 
390G2 „ 


— *031 gimms 
-*037 „ 
-•042 „ 

-•051 „ 
-•066 „ 



In Curve I the numbers given in columns I and III are plotted, 
the abedasae being currents and the ordinates the weights in 
nailligrams. From this curve we may deduce the pull when any 
intermediate current is sent through the magnet 




OOBfB L 
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A meMured eomiit was then passed through the tin-foil and 
aimilar nadinga taken, the ranlta being given in Table IL 

TiiBU IL 



Form on BUtek omd Oondmciar oarrymg Currmt 



Current in Foil in 


CnrreDt for 


Weight in Fan 


Pali doe to Field 


nult-anipdrM 


UtaiMi 


iagnuM 


itt ayiiM 


40-7 


0 ampe. 


39-054 




40-6 
40-6 


8 „ 

0 „ 


39160 

39 053 


+ •107 


40-6 


10-2 „ 


39168 


+ •118 


40-7 


0 „ 


39053 


40-7 
40-9 


12 „ 
0 „ 


89170 
39-053 


+ 117 


40*8 
40-8 


14*9,, 
0 


89170 
89088 


♦ 117 


40-8 


17-4 „ 


89178 


+ 181 


40*9 




39-05f> 


0 


0 „ 


39062 





Table IIL 
Caieulaied Vahm of FML 



Current m 
ElecLro- 

migaal 


Pall on wood 
with no oarrent 
thfoogbFoil 


Pall on block 
with oarrent 


Pall dae to 
oarrent in 

roil 


BtrenKth of ^ 
Field, 
IQFf/K 


8 ampa. 

108 « 

12 „ 
14-9., 


- 031 grm. 

- 038 „ 

- 043 „ 
-061 „ 


+ '107 grm. 

+ 116 

+ •117 „ 

+ 117 „ 


-h 138 grm. 
+ 163 „ 
+ 160 „ 
+ •166 „ 


10200 unitB 
11300 „ 
11790 „ 
12360 „ 



Table III prepared from the two former tables givea in 
column lY the force due only to the cuirent through the foil and 

in column V the calculated values for the field, Le. oo^re" 

apiHiding to the different yaluea of the cumnt through tlia 
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eleelroiiuignei. Carre n, whiefa shows the yalaes of the field 
plotted Mjainst the cttmnt, enables us to deduce the field 
eomspoiimiig to a givea cunent through the magnet. The length 
of the horiaontal portion of the tin-foil strip was 8*27 cms. 



ISOOO 




Ampt 

OoBfS IL 



8. SiuoepUbUity of Methyl AleohoL 

In order to determine this we have again to make two sets of 
readings, firstly, the values of the forces exerted on the empty cell 
by any field, and secondly, the analogous values for the cell full of 
alcohol. 

Table IV, which is exactly analogous to Table I, shows that 
the empty glass cell is slightly paramagnetic 



Table IV. 



SuioeptibUitif of Empty OUus Cell, 



Cinrant in EleotoonuisiMt 


Wei^t in Pan 


Poll doe to Field 


0 amptees 
8 

M n 

n-76 „ 

U-95 „ 
0 „ 


46-8963 grams 
46-9063 „ 
46*9070 „ 
45*9080 „ 

45-9095 „ 
45-8963 H 


+ '0100 granui 

+ •0107 „ 
+ •0117 „ 
+ -0132 „ 



Tlie cell was removed, filled with methyl alcohol, sealed up 
sad a similar series of readings taken for the full vesseL These 
sre given in Tsble V. 
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Tablb 

Faroe an Cell fM af Alcohol. 



Oomnlitt BlMtniiMigB«t 




Pidiant«»liili 


0 amperes 
7*8 

0 „ 
10 „ 
0 „ 

„ 

0 „ 
14-8 „ 


61-8212 gramB 

tfkl '74.40 

61-8212 „ 
61-7290 „ 
61-8211 „ 
61-7171 „ 
61*8212 „ 
61*7022 „ 


<--0772 grani 
—0922 „ 
—1040 n 
-•1190 » 



The results recorded in the Tables IV and V enable us to 
deduce the pulls exerted by the magnetic fields on the methyl 
alcohol alone and, consequently, to calculate the valuea of Uie 
suaceptibility of the alcohol irom the equation giTen aboTe, 

. 2P£ 

These Talaes are given in TaUe YI. 

Tabu VI. 

8uaceptibiL%ty of Methyl AlcolvoL 



Field in 

0. 0. 9. 

imitf 


PtiU on 
FnllOeU 
in gmni 


Pall on 
Smptj Cell 
in gnm 


Pall on 
Methyl Al. 
Id grami 


Susceptibility 
oi Aloobol, 


10,070 
11,220 
11,750 
12,330 


- 0772 

- 0922 

- 1040 
-•1190 


+ 0098 
+ 0107 
+ 0118 
+ 0132 


- 0870 

- -1029 
-•1158 

- 1322 

Mean value 


- 6-34 X 10-' 
-6 13x10-' 

- 6 27 X 10-' 
-6 -49 X 10-' 

- 6-31 X 10-' 



The mean value is in close agreement with these gives bf 
Winkelmann* for methjrl alcohol : 

Qnineke - 6*8 x 10^, Heoriohaen - 61 x 10~1 

A slight difference in th6 pniity of the alcohols woold aoeoiini ftr 
each small variation in these valnesi 

* Haindbmah der Pkytik, m. a, pp. 906-9. 
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3. Sttsceptibility of Colloidal SoUOion of Iron, * 

The cell was next filled with some of the colloidal solution 

which had been prepared in another portion of the same sample 
of methyl alcohol. A difficulty soon presented itself because the 
strong magnetic field soon pulled some of the iron to the bottom 
of the cell, so that a protracted series of readings could not be 
made. Weighings were therefore made so as to get exactly the pull 
due to one certain field — that with 7*9 amperes through the 
magnet With the ceil freshly filled with colloidal solution the 
difference between the counterbalancing weight when there was 
no current in the magnet and that with 7*9 amperes, was determined 
as quickly as possible. The cell was then emptied* rinsed out and 
refilled with fresh solution and the counterbalancing weight with 
no field on was again found. By the help of the former reading 
the balance could be set approximately at the weight required to 
counterbalance the cell with the magnetic field on. In this way 
the required weight was obtained in a few seconds and so the 
error introduced by coagulation of the particles was nearly 
obviated. 

It was found that the puli due to a rield of 10140 units on the 
cell full of colloidal solution was — OSfjo gram. From Table IV we 
see that the pull exerted by this field ou the glass cell alone is 
+ '0100 gram. The pull on the colloidal solution is therefore 
-> '0665« from which, by use of the formula 

AH** 

we find that = - 4 83 x IQ-'. 

4. TownMod formula for Colloidal 8<duHon of Iron, 

60 c.c. of the above solution gave '035 gram of FejOa, which 
gives the weight of iron per c.c. to \m' 44 x 10~* grams. 

Assunung the same form of equatiuu as that given by Towns- 
end for ferric solutions we have 

10* ib - (7. 10 + [sasoeptibility of solvent (k,)]. 

For the particular case here given we have 

A; = - 4-83 X lO-', 

From which we get 

(7=33.400. 

This valne of C is 13 times the corresponding number for ferric 
solntiona and 16 tunes that hr ferrous solutioiis* 
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Tbifl leads ub to enquire as to the foroe which a giTen mag- 
netic field wonld exert on the colloidal eolation if the partidet 
were email spheree of pim iron. 

If n B number of particles per unit volume, 

A B croee-eectton of the cell, 

M = magnetic moment of a email spherical particle* 

then the pull dP exerted by the magnetic field ^ on an 
elemental horizontal la^er of thickness dz would be 



Now ifas/v, where / ia the intensity of magnetiaaftioii in tlia 
sphere and v is the volume of the sphere. Substituting this ^oe 
of if in the expression for dP and mtegrating we have 



for / may be taken at its limiting value about 1650. vn is 
equal to the volume of iron per oc of the colloidal solatioiu 



values in the expression for P and neglecting in compariaoii 
with iTi (« 10000) we have P — '243 grams. Since the aetoal 
pull exerted by this field on the cell» fuU of colloidal solutioii, was 
•0870 - *0665 B 0205 grams, it is quite evident that the paiiieles 

do not consist wholly of pure iron. 

These results lead to the following alternative conclusions 
regarding the state of iron in colloidal solution : (1) the particles 
in suspension are made op uniformly of iron \vhich is in a con- 
dition in which it has magnetic properties different from those of 
iron in any state of combination which has been studied; or 
(2) each particle consists of a core of pure iron surrounded by 
a layer of some compound of iron, e.ff. hydroxide. 

In conclusion we wish to acknowledge our extieme indebted* 
ness to Prof Poynting for bo kindly placing at our disposal the 
resources of the Physical Laboratory at the University of Bir- 
mingham, and we dcvsire to express our thanks to Mr G. F. C. 
Searie for some helpful suggestions. 




9 




44 X 10-^ 
8 



CCS. A as before is 2*63 sq. cms. Supplying^ these 
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A tneikod of following the eauree of certain ehemioal actione, 
amd a feriod of induetion in Ae action of em>e$e of water on 
monoMoraoetie add. By P. V. Beyan, MX, Trinity College. 

[Read 12 Match 1906.] 

The expeninents which are described m this paper arose from 
an endeavour to trare the initial course of the action of water on 
iiionochloracetic acid, with a view to testing the theory that, in 
actions of this type whore a double decomposition takes place, the 
firnt stage of the action is an associate hi of the two reacting 
molecules. In certain other chemical actions, especially the union 
of hydrogen and chlf)riiie, au induction period, a period during 
which t he action does not go on with the maximum velocity under 
the conditions of the experiment, is observed. This induction 
period admits of explanation if we assume that the first stages of 
the action consist in a union between the reacting molecules, or 
of these with other molecules, to form a molecular aggregate, 
in which the individual atoms can coine mto each other's spheres 
of action. The action then would go on by a breaking down of 
these aggregates giving rise to the final products. 

It 18 difficult to form a picture of the process of such actions, 
unless something of this kind takes place, as for esample in the 
case of hydrogen and chlorine when we have the two periectly 
stable mtema which in a pure state shew practically no tendency 
to combine even under the influence of hght. And in such an 
action aa that of monochloracetic acid and water it seems probable 
that^ for a |iair of molecules to react, they should first get into 
some more intimate relation than that simply of a £ssol7ed 
molecule and molecule of solyent. The action takes place accord- 
ing to the equation 

CH,C1C00H + H.O = CH, , OH . COOH + HCl, 

glycollic acid and hydrochloric acid being formed. This action 
haa been studied^, and it has been found to follow the normal 

* Bnch&nan, B«rte*l«, IV. 940, 1S71. Van 't Hofl, StudiM In O htrnk a t 
Dynamie$f p. 14. 



Digitized by Google 



270 



Mr Bevan, A Method of following the Course 



monoinolectttar coane when the mter is in laige ezoMi Tbe 
method adopted by Bachanan was to titrate a sfiecimen of due 
reacting mixturOt at various times after the beginning of ttie 
action, in order to determine the acidity of the mixture. Siooe» 
as a result of the action, we have two molecules of acid for one at 
the beginning, these titrations give a measure of the propoitiaii 
of monochlovacetic acid decomposed. It occurred to the andior 
that a determination of the conductivity of the solution in whidi 
the action was taking place might be a delicate method of findui; 
the amount of decomposition that had occurred at any imtui, 
and that this method would afford a means of studying the initial 
stages of the action/ a part of the action to which the titittin 
method is by its nature inapplicable. One obvious advantage 
of such a method is that the action can be allowed to progiea 
steadily and need not be disturbed at all during the course of as 
experiment. 

The resistance of the solution was measured by the commu- 
tator method of Fitzpatrick, and this was found to give resolte of 
more than sufficient accuracy. The regulation of temperature, 
with the thermostat used, was not sufficiently delicate to justiff 
the accuracy that could be obtained in the resistance measure- 
ments. The thermostat was used with a toluol regulator, and the 
temperature, except in case of accident, did not vary more tlia 
one-fifth of a degree centigrade through an experiment lasting 
some days. The temperature at which the action was conducted 
was W G. 

Assuming that the action is a monomolecular one we shooid 
have, if « be the quantity of monochloraoetic add decomposed, 

fl? = a(l-€r*«), 

where a is the initial quantity of iri onochloracetic acid and k thti 
velocity constant for the reaction. The constant k is indepeudeot 
of the initial concentration provided that the water is in large exosa^ 
which was always the case in the present ezperiments. The pio- 
portion of monochl<nracetic acid was never more than 4 grammeii 
to a litre of solution. 

The following table gives the results obtained for an expeii-i 
ment in which the action was allowed to progress nearly to an 
end. The first column gives the time from the beffinninff of the 
action, the second the observed resistance, the third the cWige ofi 
ooiMiuctivity, and the last the value oif k obtained from Ibei 
ezpressicn 

A? " - log ^ . 

The monochloraoetic acid was freshly distilled and dissolfsii 
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in water at 90' C. and as quickly as possible mtroduced into 
the conductivity vessel. The initial resistance was obtained by 
plotting a ( iirve for the first few values of the resistance observed 
and prodiiciiig it backwards to the resistance axis. There is of 
course some uncertainty in the early values of the resistance a.s 
the solution at first is probably at a temperature slightly below 
90^ C. 



TiiiM in boon 


Observed 
iieautoiio« 


Condnolivitj 




•80 


367 0 


101 


31 


2-7 


323-5 


391 


36 


31 


310-5 


520 


42-2 


5-6 


2780 


897 


41-2 


6*6 


266-6 


1052 


41-0 




174-6 


3080 


38« 


27-2 


162-4 


3862 


401 


29-4 


146 10 


4144 


40-4 


46*6 


114-20 


6055 


40-8 


52-2 


105 35 


6793 


41-3 


71 


88-44 




41-9 


IV It .A 


85*50 


youu 


41 -o 


101-2 


73-53 


10920 


41-1 


1241 


G7-27 


12100 


405 


144-3 


63-91 


13100 


42-2 
430 


166 
190*4 


69*71 
67-38 


14000 


14730 


42*4 


220-6 


5511 


15440 


431 


239-9 


5416 


15760 


43-2 


265*8 


53-14 


16120 


43-2 


287 


52-59 


16320 


42-6 


336 


51-81 


16600 


40b(>) 


364 


51-68 


16650 


39-9 w 


404*3 


50-70 


17020 


42-7 



(1) The temperftiore when this reading wm taken had (alien to 88° C. 
A TowMdf IIm mad of tilt «tpaiiii«it a bnbbto of gM bad fmrmad ia (ht iMbt* 
anoe ▼iiMil and thia made the resistanoe for thin Iwo mdingi too TUa 

Irabble wAi got rid of before the last reading. 

The value Qi k deduced from these experimenta is 42-5 x 10~^. 
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In figure (1)* the curve 

y — 1 — d"* is plotted 

This corresponds to the observations if we make 

-00425 

where C igthe change of conductivity multiplied by 10*. 

The [)oiiits representing the expenmeutai numbers are found 
to lie very well on the curve. 

it is interesting to compare the values for the constant of |»he 
action by this method with tliuse obtained by Buchanan. The 
following tablet contains Buchanao's results for the action at 

100° a 



1 




2 


15*8 


3 


195 


4 


19*2 


6 


170 


10 


18 4 


13 


17-6 


19 


17 3 


25 


16-5 


34-5 


18-7 


43 


155 


48 


15-9 



The constant here obtained is plainly not so good as that on 
pi 271. 

We may conclude then from this experiment that this method 
enables us to follow such an action, and in virtue of the fact that 
the change of conductivity is so large we can observe ciosely the 
initial stages of the action. 

Experiments were made with solutions of different strengths 
readings of the resistance were taken as soon after the begin- 
Qiogas possible. 

* In Figure 1 the oontmuation of (be curve it transferred to the left-band ude 
ofthefignn. 

t Ostwald, Lehrbueh der AUgemeinen ChmU^ FmmMlldhq/McJbWt tad 
M'tHofi, 4»ii«ct CAmtooiDyiuMito, p. 14, 

?OLi ziii. rr. V. 19 
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The following table contains the results of two such exp^ri- 
mentR. In the first column is the time from the be:^lnnHl^^ in the 
second the observed resistance, and in the third the coodiicuvitj. 



T uOQTl 


If 


Gouduotivitj 


T 

miiiQtot 


t 

D 
A 


Changs of 

flnn fi ru»li viftv 


•036 


247-2 


4046 


9 


200-2 


1 

4996 


-067 


247*0 


4049 


10 


200*0 


5000 


*129 


246*0 


4066 


18 


199*6 


6012 


•177 


245*5 


4074 


16 


199-4 


5014 


•253 


243 7 


4103 


18-3 


1990 


5025 


•396 


2380 


4202 


22 


198-4 


5044 


•484 


2350 


4255 


23-5 


198 1 


5048 


•580 


232-6 


4299 


26 


197-6 


5060 


•650 


230-5 


4339 


27 25 


194-7 


5067 


•790 


226 5 


4419 


39 


192-0 


5208 








42 


1910 


5236 








45 


1910 


5236 








46 


190-2 


6268 








49-5 


189*6 


6276 








60*6 


189*0 


6291 


1 






63 


188*0 


6319 



These results are plotted in figures 2 and 3. It is obvioas 
fxom these curves that we have not, in the initial stages of the 
observations^ the increase in conductivity to be expected if the 
action at once begins as a monomolecular one. We nave to con- 
sider what effects we should expect at the beginning of the action 
which might be due to the conditions not being the steady ones 
attained a short time after the action has commenced. Firstly, 
the temperature of the solution would probably be rather below 
the steady temperature as the solution has to be made, and in 
transferring it to the conductivity vessel its temperature would 
fail slightly. This was avoided as far as was possible by perform- 
ing all operations in the thermostat. But any effect due to this 
cause would be in the opposite direction. For if initially the 
temperature were too low the conductivity would be less than the 
proper amonnt, and as the solution attained the steady thermo- 
stat temperature the coiidiiciivity would shew a faster rate of 
increase than if the temperature all through were constant 
Secondly, we might have an effect due to incomplete mixing of 
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the solution. The solution was made in a beaker in the thermo- 
stat, and was well stirred before being placed in the conducilvitT 
vessel tn have a well-mixed solution when the observations were 
made. But in this case also any effect woul(i be to make the initiil 
resistance too great, nnd therefore the initial conductivity too small, 
80 that as the mixmg became more coriiplete the initial rate of 
increase of conductivity would be too cfreat. These two purely 
practical causes would then lead to a diminution of the indocto 
effect rather than to its production. 

There remains another consideration. It is well known that 
with very dilute solutions the molecular conductivity decreases 
rapidly with increasing dilution. When the action begins the 
hydrochloric acid is for some time present in very small quantities, 
and it might be thought that some eflfeet of this kind might give 
too slow an increase of conductivity initially. To decide this an 
experiment was performed in which the si lution was made with 
a dilute bolutiuii of hydrochloric acid instead of water. In this 
case the hydrochloric acid was present already in sufficient quantity 
for any addition to it to produce an additive effect in the con- 
ductivity. The following tabic gives the results of this expeiimeut 



TiiM in miaates 


Coodaetrntj xlO* 


51 


3973 


6-5 


3972 


12 5 


3978 


15-5 


3981 


17 7 


3984 


19-5 


3989 


2] 3 


3992 


23*8 


3997 


271 


4004 


30-8 


4013 


32-8 


4020 


41 


4037 


43o 


4046 


44-8 


4049 


49-2 


4057 


55-2 


4074 


58 


4082 


62 


4090 


64*5 


4098 


68 


4107 
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Tht'Mc results are pNitted in Fig. 4 and shew clearly that here 
also we have the same peiiud of induction, or period when the 
action has not attained its normal velocity. 

We may conclude therefore that the period of induction aa 
observed is a regular part of the action. 




Time in minutei 



The occurrence of this period of inductioQ shews that to regard 
the action aa a simple monomolecular aetioD is not a complete 
mw. If we aaeume that the fint action is an aggregation of an 
HbO and a CHiGlGOOH molecule, and that an unstable compound 
is thnB formed which tends to break down into glycollic acid and 
hydiochloiic acid, we should necessarily have a period of in- 
duction ; and after a short tame the action could progress in the 
fdinanr monomolecular waj. For suppose « is (he number of 
molecules of the original acid present, v the number of molecules 
of the complex, and m the number of molecules of hydrochloric aekl 
or gljooUie acid present, then the mass action law gives ns 



and therefore 
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Horn if k laige oompared with ibj, that is the i»le of de- 
ooiD|Mation of the aggregate ia larj^ compared with ita rate of 
fonnatioii, which is (juite possihle as its hreakdewn is in a diffml 
way to the mode of its fbrmatioii, 

^ is zero when | » ^ (1), 

and $ = kiX, 

a* 

80 that we should have the action progressing after the short 

time necessaiy to reach the stage (1) as a monomolecnlar reactioo. 

di dz 
Initially ^ is zero, as y is zero, and the velocity ^ increases 

until we reach the Umitiiig value of y. 

In these experiments^ in order to c^Merre the initial sts^ the 
action was allowed to proceed for some days to see if the Mne 

constant for velocity would be obtained as in the fii-st experiment 
detailed, and also to see whether the additional hydrochloric icidifi 
the last experiment affected the general rate of the action. 

As the action takes a very considerable time to be nearly 
completed it is necessary to find the value of the final conducti^tj 
from experiments reached in a finite time. This can be done by 
taking two observations at times such that one is twice the oth^r. 
Suppose that as before n is the final value of the increased con- 
ductivity, the conductivity increase corresponding to time in 
and ^ that to t^, then we have 

1 , a 1 . a 



and if 

whence a(2«^— 



so that 



We find in this way for the experiment of figure 3 the results 
in the following table, with a = 5460. 
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Chftnge of 


i 


Time in bom 


Oonductiviiy 
X IQr 


k 


1 
1 

1VT> 


Vf 4 


MO 




IvTi 






1 uOU 


f 


4 b 


1 QQO 


4Z (5 


1 u 1 




•A 


97-5 


3274 


40-8 


141-8 


3970 


40-2 


169-7 




39-5 


193-7 


4576 


41 2 


215-8 


4723 


40-6 



And also for the experiment in which initialljr hydrochloric 
add was praent (Fig. 4). 

a « 15600. 



T 


Change of 
Conductivity 
xlO* 


k 


21-26 


2695 


38-7 


22-5 


2987 


410 


24-8 


32^6 


41-6 


45-25 


5487 


41-7 


49-3 


6878 


41-8 


92-75 


9207 


41-8 


100-2 


9627 


41*7 


121*4 


10667 


410 


146-6 


11770 


42-0 


165*4 


12490 


42*5 



The values of the constants obtained are practically tlie same 
as those found in the first experiment, the results of which are 
represented in Fig. 1. 

We see therefore, as we should expect, that the velocity constant 
la not dependent on the strength of the solution, and also that the 
presence of additional hydrochloric acid does not alter appreciably 
the Telocity cooatant 
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This method is applicable also in other eases wheie the action 
is ehaiacterised by a change of conductivity in the medium of ibe 
action. One such action is the invenion of cane sugar under the 
catalytic action of hydrochloric acid. The amount of water present 
here is affected by the combination of a molecule of water ind 
a molecule of the sugar, and the conductivity changes in con- 
sequence. A change also may be produced by the alteration of 
the sugar in the solution. But in an^ case the change of oon- 
diictivity affords a method of observing the change. In the 
following experiment the resistance was measured by the Kohl- 
ransch method with a telephone and alternating current This 
method is not so accurate as the commutator method, but it gives 
results which are fiurly satis&ctory. The author is investij|Mig 
further some points in connection with this action with a view to 
understcmding this kind of catalytic action, and the experiment 
here described is a preliminary one to find whether the action 
could be thiifl investigated. The results are given in the following 
table ; in the first cohimn the time from the beginning of the 
action and in the second the observed resistance. 



Invulsion of Sugar. 



Tina 


Betiitanee 


Tinw 




•IS 


134-2 


91 


137 80 


•f) 


133-2 


92 


137 74 


1-0 


133-9 


97 


137 87 


2-33 


1340 


115-5 


138 13 


4-5 


134-0 


121 


13800 




135-3 


137-5 


13806 


230 


135 3 


139-76 


138-19 


4125 


136*58 


142-0 


138-25 


41-75 


136-52 


145-0 


138-21 


40-75 


136-60 


163-0 


138-27 


67-5 


137*30 


186-0 


138-86 



In Fig. 5 the curve 

is plotted. The change of conductivity Cdreflponding to ao ii 
262. In the figure Uie changen of conductivity are divided 
202 and the times in houn by 10*45. The points are seen to lie 
irregulariy about the curve. 
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Bimimair^ of B$&utU, 

The meamiranent of oondaotivity affordfi a delicate method of 
tradng the coune of certain reactions 

In the caae of the action of water on monochloracetic acid, the 
action as a whole proceeds as a monomolecular reaction, but there 
is a period of induction. 

This induction period may be explained hy assuming that the 
first stage of the action is the formation of an additive compound 
of a water molecule and a monochloracetic acid molecule, this 
additive compound then breaking down yieldiug a molecule of 
glyoolUc aoid and hydrochloric acid. 
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The Radio-acHvUy of MetaU and their SaUa. By NoBMAlf R. 
Campbkll, M.A., Trinity College. 

[Bead 12 March 1906.] 

1. Considerable evidence has accumulated in favour of 
view that all elements are truly radio-active. It has been sbon 

that ordinary metals emit a radiation analogous to that emittd 
by radium, and that the properties of this radiation are character- 
istic of the metal from which it proceeds. But there ia a 

remarkable property of radio-activity which suggests a qrio'tii^ 
tliat may be asked and can be answered before the ^onree oi the 
activity of ordinary materials can be regarded as establiabed 
beyond doubt. 

It is knnwn that the activity of radium and uranium is an 
atomic property: the activity of ax)y substance containing the^e 
elements is independent of its chemical and mnlerniar caiditi'^n, 
and dt^pends only on the qnantity of these elements which :t 
contains. Is this law true tor ordinary materials if Could wt 
predict (say) the activity of lead oxide from the known artivitii-.' 
of lead and oxygen ? The experiments described below are &q 
attempt to answer this question. 

We need only take mtu ikh ount the a radiation, for the analog}' 
of radium leads us to suppose that the energy contained id any S 
or 7 rays that may be emitted will be infinitesimal oompar«U w 
that caiiitd by the a rays. 

2. It has been shown * that the ionisation (p) catued by the 
a radiation from an infinitely thick slab oontaioiDg a radio-ictift 
aubstanoe is given by 

p^ChaA, 

where C is a constant, k the mass of the radialiiig material eoe* 
tained in unit mass of the slab, a Bn^*B constant for the njt 
emitted by that material and A a qnantttymeasuring its activity 
in terms of the energy given off from it The activity (pmm"*)^ 
a slab composed entirely of several radiating elements 9» «» 
will be given by 

where the suffixes denote the element to which each quactiSy 
refers. Now the ionisation caused by a slab composed entirely £^ 
one of the elements (w) will be given by the relation 

p^ = CouA^, 

* PhiL Mag, FelK 1906, pv SIO. 
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since for a slab composed of one material throughout ib » 1 : hence 

We see then that if we know the ioDisation caused by slabs com- 
posed entirely of each of the elements we can predict the iontsation 
caused by a slab containing them in any known proportion, on the 
aasumptlon that the activities are uninfluenced by their state of 
chemical combination. The comparison of the activities calculated 
with (hose observed will serve to test the truth of the assumption. 

3. The chief part of thf apparatus used in thej^e measure- 
ments is a wooden box, the internal (iitnensions of which are 
40 X 40 X 22 eras. : it is lined with zinc sheet: a drawer 8 cms. 
deep, lined with aluminium foil, slides into the bottom of the box: 
in this drawer are placed glass trays 0*15 cm. deep and 36 cms. 
square, contaaning the material the activity of which is to be 
inyastigated. A sheet of iron wire gauze of 0*15 cm. mesh is fixed 
acroas the box at such a height that it just touches the surfiwe of 
the glass traya when these are in position : in the space above the 
gause is an electrode of coarse wire netting, supported by a wire 
passing through insulation in the side of the box and connected to 
the measuring device described in Proc. Comb. PhU. 8oc., Vol. XIIL 
p. 182, which proved exceedingly suitable for these experiments. 
The lining of the top part of the box is kept at a potential 
auflScient to send a saturation current through the gas : the lining 
of the drawer is earthed. It is found necessary to keep a rapid 
stream of air passing continually through the vessel in order to 
ke^ the current constant : this air is deprived of its free ions 
by passage through a tube in which it is subjected to a strong 
eiectrio neid. 

4. It is clear that by niea,surements with such a vessel it is 
only possible to find the difference of activity of two bodies placed 
successively beneath the gauze, in order to find the absolute 
activity of any one material it is necessary to use a material 
which hiis no activity at all : but no such material is known. 
Moreover it is necessary to have some solid body coustantly in this 
position, for ions can be dragged through the meshes of the gauze 
and the current to the electrode changed thereby. But since it is 
impossible to use a body without any activity whatever, the best 
that can be done is to use a body the activity of which is as small 
as possible. The most satisfactory material for this purpose was 
found to be carefully cleaned glass plates : no material has been 
investiffated which possesses a smaller activity. The error intro- 
duced by assuming that the glass has no activity will be that 

caused by regarding r — - as equal to r* where c is at most one- 
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fifth of a or 6. Some estimate of the activity of the glass was 
obtained by comparing the increase in the ionisatioD which shoald 
be caused by the radiatioD from a lead plate of the siae itaed, 
calculated from the results given in PhiL Mag., Feb. 1906. p. 217. 
with the observed difference between the ionisation when the lead 
plate was in the tray and when the glass tray was empty. The 
agreement was snflSciently close to show that the activity of the 
glass could not be a large fraction of that of the lead. 

5. The whole of the measuring box was enclosed in a thick 
screen of iron, sufficient to absorb nearly all the f)enetrating 
radiation from outside: no appreciable amount of the total radia- 
tion from the materials could be secondary radiation exated from 
outside 

0. In making the measurements the ionisation in the vessel was 
observed when the clean ^lass tray was in position in the dznwer: 
the tray was then filled with the material under investigation and 
the measurement repeated. These observations were t&en alter- 
nately several tames, and the mean of the differences in the oorrents 
through the gas was taken as a measure of the activity of the 
material. The quantities to be measured are so maiSl that it is 
impossible to attain great accuracy. The whole increase of corrent 
caused by the radiation from lead, the most active material 
investigated, was only 10 per cent, of the whole current thmigh 
the vessel The current could be measured with an accuracy of 
1 per cent: this is 10 per cent, of the effect oansed by the lead 
and a much larger percentage of the effect caused by man^ of the 
materials investigated. Ihe experiments require considerable 
time for their performance to this degree of aocutac^: work has 
been much delayed by the difficulty of avoiding spurious activity 
derived from the air of the laboratory, but it is hoped that these 
difficulties have been overcome. 

7. The table shows the results obtained, first eolnmn 
shows the material investigated : the second the aetivitv of n slab 
of that material in arbitral^ units. The thud gives the aetivity 
calculated on the assumptions that the activity of the metal is 
correctly given in the second column, and that the whole activity 
of the compound is due to the activity of the metal contained in 
it. It will be seen that the only elements occurring bedules the 
metals aie sulphur and oxygen : it is known that the aotivitiea of 
these elements are very small — too small to be measured, at least 
by this method : but their activity must contribute something to 
the total, and hence it is to be expected that the observed aetivitiss 
will be slightly too high. 
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Table I. 



Lead 


9-3 




PbSO,(l) 


6-8 


6*4 


PbSO, (2) 


7 0 


6*4 


PbSO, (3) 


7-2 


64 


PbO 


8*2 


8*6 


Tin 


4-4 




SnS(l> 


4-1 


5*4 


SnS (2) 


3*9 


34 


SiiS<3) 


3-8 


3-4 


Bismuth 


■ 60 








fit A 


Mercury 


0-9 






0-5 


0-86 


Hgb 


0-6 


0-84 



8. I think it will be agreed by those who have had experi- 
ence of the difficulties of similar measurements that the agreement 
is sufficiently good to confirm the theory that the activity of the 
common elements, like that of the radio-active elements, is an 
atomic property. It must be remembered that an activity repre- 
sented on this scale by 0*5 can only jast be detected : the devia^ 
tions of observation and theory do not amount to much more than 
this quantity. Only in the case of mercury are the deviations 
large in relative, though not in absolute, amount. It should be 
noticed that the whole activity of mercury ib just on the borders 
of the seaaitivenesB <tf the method. 

9. Attention must be drawn to the agreement of the values 
obtained for each of the three samples of lead sulphate and each 
of Uie three samples of tin sulphide. In the case of each metal 
^be ibree specimens were prepared from the same solution by 
^lixee distinct methods. In the case of lead the samples were 
prepared as follows: — 

(1 ) By direct precipitation of lead acetate by sulphuric acid. 

(2) By precipitation with hydrochloric acid and subsequent 
oonversion into sulphate by boiling with sulphuric acid. 
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(3) By precipitation with sodium carbonate and conyeaaaa 
into sulphate as in (2). 

In the case of tin the three methods were: — 

(1) Direct precipitation of tin chloride with hydrogea 
sulphide. 

(2) Precipitation with potash : solution in hydrochloric aci^ 
and precipitation with hydrogen sulphide. 

(3) Precipitation with sodium carbonate and sabeeqoent 
treatment as in (2). 

As far as is known the solutions from which the salts wen 
derived were not made from the same samples of the metals as 
those used in testing the activities of the metals. The identic of 
the properties of samples prepared by different methods seems to 
be as conclusive a proof as could be given that the actiyi^ of tix 
metals is not due to a contained in)purity but to an mtriosie 
activity of the metals themselves. There is only one suggestion 
that could be made for avoiding this conclusion. It might be that 
the very small quantity of radio-active impurity that would be 
required to account for the observed effects might not behave like 
a true chemical substance but might be dragged down by an? 
precipitate that was formed in the solution. Something of ih'm 
kind has been observed in the case of the disintegration products 
of thorium. To ascertain whether such an explanation were 
possible additional experiments were made. In the case of lead, 
about one ounce of the sulphate was precipitated Gpom a solutioo 
containing four pounds of the acetate : if the activity were due to 
impurity the whole activity of the solution ought to have been 
concentrated in the small precipitate. Measurements showed that 
this was not the case. In the case of tin, calcium chloride was 
dissolved in the tin solution and sodium sulphate added. The 
precipitated sulphate showed no abnormal activity. 

10. If similar nieasurementt* had been made of the activity of 
thorium prepared iu different ways the activities of the samples 
might not have been the same, for 8ome of them would have cod- 
tained the thorium X and some would have been free from it 
Hence the agreement of the samples in these experiments shows 
that if thert' is .such a tiling as lead X having an activity differeot 
from that of load, it is present in tjuaiitities too small to be sepa- 
rated and detected by this method. This might have been ex- 
pected, for it is probable that the change of lead is so slow that do 
sample of it existing on the earth has attained, or nearly attained, 
radio-active equilibrium*. 

* 8w Jahrbmch der SadioaetMUit, tt,A,p, 459. 
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11 It woulH be interestin;^^ to inquire whether the examples 
)f the same elempnt when exercisinsr different valencies would 
exhibit the same activities. The case of mercury shown in the 
able yields no certain result, for the activity is too small for any 
lefinite statement? to be made about it. Further investigation 
Jito this question is in hand. 

The question also arises naturally whether any relation can be 
raced between the activity of a metal and its uth* t properties, 
*or instance its position in the periodic arrangement of the 
^iements. No such correlation is apparent at present, and ind^^ed 
the results obtained seem difficult to reconcile witli any connec- 
tion of the kind. The number of metala examined at present is 
insufficient to enable any detimte statements to be made; but 
[ rogrusii will be easier now that it has been established that the 
iotivity is an atomic property. Many elements, which it is very 
desirable to establish from thib point of view, such as the alkali 
metals and the halogens could not be tested before, because it 
was impossible to use them in the elemental state. Now they 
can be examined in the state of ccunpounds. It should be pointed 
out that the activity of a slab of a substance (p in § 2) does 
not directly measure the activity of the substance itself : it is 
a product of ibis activity by the penetration of the rays given 
ontb This oonsideratioii will doubtless complicate the investi- 
gation. 

'Die ezpressioii of my indehledaess to Profeosor Thomsoii for 
his advice and encourage men t is not the less sincere because it is 
repeated so often. 
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Ov a lelation between the velocity and the volume of the xoTk& ] 
certain m-gavic acids and banes. By T. H. Laby, Fitzwilliam Hall 
and G. A. Gabse, £mmaDuei College; 1851 £xhibitioQ SchoUrs. 

(Commanioated bj Pkofeawir J. J. Thoiisoh, F JU9L) 

[B^ 12 Mansb 1906.] 

I 

Sinoe Ohm*s law holds in the oaae of ao eleetroly te, al a 

dV 

gi^en temperature the eunent i'^^k-^, where k denotes tbe 

dV 

oonductivity of the electrolyte and is the potential gndia£^ 

between the electrodes, and as the current is carried hy n oni- 
valent ions per cub. era. with a velocity of a fur the positive aod 
V for the negative ion, each having a charge of electricity e, thea 

«»fia(i»+i»), 

.Mie(»+i,)— *^,orf + .— 

Thus for dilate solutioDB of the same e(|uivale&t ooncentratm 
ie. n constant^ and with a constant potential mdient of say 1 vok 
per cm., « 4* v^ikx constant, an equi^tion which may be dermi 
10 an independent manner from experiment by waox .ffitksft 
migration ratios. Thiis the conductivity of an electrolyte ia pto- 
portiona) to the sum of the velocities of the ion& When tbt 
values that have been found fco* the velocities of univalent toM^ 
are reduced to the one potential gradient, the velocities are thos« 
of the different ions moving under the same force, viz. that ansof 
from this electnc field acting on the constant ionic chaige. 

Kohlrausch* has shown that the fluidity (reciprocal of the 
viscosity), and the conductivity — and therefore the velocities of 
the ions of dilute solutions — ^vary with the temperature in • 
similar manner, that is for a number of electrolytes the ooiHiu> 
tivity- temperature and the fluidity-tempeiutore curves are sioiiUz: 
This has been borne out by the work of Boosfield and Lovxr^t 
Lyle and Hoskingl, and others^ The former of these wocluss 

* ** The lie^istanoe of the Ions and the Meonanicai Friction of th« 8aiv« 
Frtfc, Roy, Soe. lzxl 888 (1908). 

t Proc. Roy. Soe. lxxi. 42 (1908). 

X Phil. Mag. March \m\ p. 274 ; May 1902, p. 487; May 1904. p 46^. 
I For further references see H. C. Jones and Bingham, Am, Vhewu Jt 
xxinr. 481, 060. 1906. 
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f<mnd that the ^temperature variation of the conductivity and 
▼iacosity of water can be expressed by one formula and repre- 
sented by one cnnre. Kohlrausch's conductivity -temperature 
conres for aqueous solutions of sodium acetate and sodium 
valerate (the only two anbetancee, whoee anions are common to 
hia and this paper), were aensiblj i^e same as the fluidity-tcmpe- 
ratore carve of water. Thus In these three cases there is ground 
for sopfpoeing that U (the velocity of a given ion under a constant 

force) is proportional .to the fluidity or 

U ■» constant x — . 

When the driving force (F) varies 

ITsconstant x — . 

This suggests that the motion of an ion through an electroly te 
maybe very similar to that of small bodies through a viscous fluid. 
Sir'Oeoige Stokes* has shown that the velocity (assumetl small) of 
a sphere moving through a homogeneous viscous medium, when 
no slipping occnrs, is 

F 

whpro F i« the driving force, ^ tlie coefficient of viscosity of the 
riic'lium, and a the radius of the sphere^. If we assume this law 
t.i hnld for the motion of ;ui ion in an electrolyte, thniigh for 
bodies oi molecular dimeusi'»ns tho medium is not homogeneous 
as postul;U»^(i above, the radius of the lou, assumed s|»heiical, may 
be calculated. The value thus obtained for the radius is suffi- 
ciently different from that deducible from the radius of the mole- 
cule calculated hy Jeans* from the kinetic theory of gases to 
make the applicability of the law to this case doubtful. 

There appeared, however, another way of finding approxi- 

• Comb, Pka. Trwt. n. 58 (1850). 
t A men general eipmsion is 

where {i is the coeffident oi bUding friction and is intiaity for no dipping and 
iero for infinite sUpping, and lo ™V vary between 1 and f . Wlietbam 

{Phil. Trarnt. ci.xxxi. A .'59, 1890) has shown that for the steady flow tbrouph n 
capillary tube there is no slipping, and H. S. Allen {Phil. Afap. 323, Sept. 15*00) 
that for amall air bubbles rising in water or auiline, the velocity Dt wt bnbble 
ftgrees with that dedoMd from theoretical considemtiont by Stok«t on tho aanunp. 
tion thnt no <^Hppinj^ occarg at the boundary." 

^ Phil. Mag, tier. vi. Vol. ▼ni. pp. 692—699 (1904). 

▼OL. XUI. FT. V. 20 



Digitized by Google 



mately the relation between the linear dimensions of an ion aod 
its velocity. The relative volumes of certain organic anions and 
cathions mav be deduced from molecular and atomic volumes. The 
cube roots ot the iornc volumes give a scnes of numbei's propor- 
tional to the ionic linear dimensions, and these combine<l with 
the velocities of the ions enable the relation sought for to be 
investigated. 

Calculation op Ionic Volumes^. 

The calculation of the ionic volumes may be best explained 
by two typical examples. 

(1 ) Volume of anion of acetic acid. 

The molecular volume of acetic acid GHt. GOGH at SO^'a 
■B molecular weight (if) x volume of 1 gram acetic acid at 20"" C. ^ j 

molecular weight Jf 60 
* denatyat 20° 01 " 7 " 

The anion of acetic add being OHf.COO', its volume ta found 
by deducting from the molecular volume of CH,.00OH the 
atomic volume of hydrogen in carbon compounds aft 20^C. Koppli 
value of the atomic volume of hydrogen given by Ostwald^, when 
corrected for temperature, is 5*8 and this is the value used. Thus 
the volume of the acetic anion, GH,.GOO\ is 67*2- 6*8 « 61-9. 

(2) Volume of cathion of diethylarnmonium hydroxide. 

The moleculai' volume of diethylamioe (CjH,)jHN at 20° C. is 

atomic volume of hydrogen « A • 6*8 



ionic volume of (GA)tH«N* - XOd-a 

It may be pointed out that an emr of 10 p^a in the atomk 
volume of hydrogen produces at most an eixor of *6 p.c. in the 
cube root of the ionic volume of any substance quoted. 

A more strictly applicable value for the ionic volume of acel- 
anion would be obtamed if it could be deduced from the denrnty 
and concentration of the sodium acetate used in determiniiig tin 
ionic velocity, but as sero or negative values aie obtained fat the 
molecular volumes of some substances, this method is not trust* 
worthy. 

* The meaning of tha totm "ionio Toluuje ' in thi« p^per doen not inoliidt tki 
wataiy stmotphere, wbiob the toot an moAl o rcgardad as Mirjiug. 
t £f JMwik tf. illi;^. OAMk Bd. I. 



Digitized by Google 



Messm Laby and Cca'se, On a relcUioUt etc 291 
Ionic Vsixxtitixs. 

The velocities used in tlie table have been obtained from 
Bredig's memoir* To convert the velocities as given by Bredig, 
ioto ceatimetres per second per volt per centimetre, the formula 

k dV 

w + v « -J- 

ftg Off 

must be used, where u and v are the velocities of the cathion and 

anion respectively in cms. per sec, k the specific conductivity in 

reciprocal ohms, n the concentration in gram-equivalents per cub. 

cm., q the electrical charge in coulombs carried by a gram-equiva- 

dV * 
lent of ions, and the potential gradient in volts per cm. 

Bredig*8 units are the same as these except that the conduc- 
tivities are in Siemens' mercury unit, and the potenLiul gradient 
is one volt per cm.; to be applicable to his data the expression 
becomes 

n X 96440 n 

Thus tlte values of the velocities given by Bredig were 
multiplied by 11 x 10"'. 

DENsrriBR. 

These were got from several authorities, chiefly from Clarke's 
"Table of Specitic Gravities." In some cases the original authority 
does not state the temperature of the water us^d in the determin- 
ation of the specific gravity. When it is given, the density in 
grams per cub. cm. has been calculated. 

Explanation of Tabls. 

Id the table there will be found the ionic velocities and the 
data used for deducing the cube roots of the ionic volumes. The 
densities could not all be obtained at the same temperature, but 
the temperatures selected wore, in as many cases as possible, the 
same for each series. The variation with temperature of the ionic 
volume in the range of tenj])erature used is small, e.g. the ionic 
volume of the propionic acid anion is 677 at 0° and 71*7 at 50', 
a change of '1 p. c. per degree. An error in a density affects the 
product in the last column to about one-third of the extent that 
the same error in ionic Telocity doea. 

* MHU /. P*yt. Ohm, m 191 (ISM). 

30^2 
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Messrs Lahy and Car80, On a relation, etc. 



In finding data for the table we have been restricted by the 
considerations that the ioDic volumes may nut be legitiuiately 
deduced for substances, which are gaseous (e.^. methylamine), or 
solid (e.g. uiorphine, oxalic acid), at the ordinary temperatup\ 
nur may substances whose densities have been determined oiily a: 
temperatures considerably removed from the range 15^ — 20^ C. be 
used. We propose, however, to attempt to obtain these ionic 
volumes later by indirect methods. Having regard to the above, 
all the values for ionic volumes that have been obtained for 
organic acids and bases are included in the table. (Considerable 
diniculties are met with in findiug comparable values for the 
inorganic ions.) 

Benzylamine from its preparation and properties — an am- 
inoniacal liquid not forming diaxonium compounds — would be 
classed wilb tbc primary fattv amines ; from its giapbical formola 
witb tbe anilines. In the taole it is put with both. 



Discussion of Table. 

The last three colunius of the table show that the velocity of' 
the ion of a member of ;i homologous series of the oi^^anic acids 
and bases examined varies inversely as the cube root of its volume^ 
for the product of these is sensibly constant. Thiis there is con- 
siderable evidence that for a hornoloi:^oiis series the velocity of an 
ion is inversely proportional to its linear dimensions. The average 
value of the product, innic velocity x cube root of ionic volume, for 
the acetic* — >^ (';i]iruic arid soiies is 151, for the pyridines 202. for 
the amines IhU, for the aniliiics 177. Thus, for ions of the sam- 
linear dimensions (cube root of ionic volume), the chemical propertied- 
influence their velocities as is shown by the following table in 
which the ions have closely the same volume. 





1 

Ionic volume 


(lonio vol.)i 


looio velocitj 


Prodact ■ 


A fipCaproic acid . 


119 7 


4-93 1 




301 




B Ethyl pyridine 


119-7 


4-93 


• 


4-05 




C Isoamylamine . 


121-6 


4-96 i 




3-7S 


/ 185 / • 


a n-Yaleric acid . 


10-2 -9 


4-69] 




317 


I 149^ 


b a-Picolinp . 


1051 


4-72 




4-30 


^203 


e Isobutylamine . 


1048 


4-71 J 




3-99 


188 



* The vAlne 179 for this prodnei in the OMe of tlw fonnie Mid •oioa la Ml 

c;nrpriFainj:^ as this aniOB does not contain a CH , ^roup, and to the sh^eolthtiHi 
(see later) u unlike that of tbe remaining monbexs of this oeriei. 
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The constancy of the product — ionic linear dimensions x ve- 
locity — for a homologous series of the orgaoic ioQs ia the table is 
in accordaoce with the hydrodynamicai equation 

F 

oa » ^ (body of any shape) 
F 

- ^^P^^' ^ slipping). 

wkere F is the same for all the ions in the table^ and is the 
WMMity of infinitely dilute aqueous solutions (Le. of water) at 
25* G. S 18 a constant for ions of the same shape Thus we find 
under the physical conditions mentioned in the table 

90 V ^ X constant, 

8 would be sjifirozimately constant fbr the members of a homo- 
logous series since their graphical formulae are similar; aocordiDg 
to this view the chemical property that detennines the velocity of 
ions of the same volume is the of the ion. 

Conclusions. 

1. The linear dimensions of thirty-one ions of the homolo- 

i^ous series — formic-caproic acids, pyridines, aminei:^, anilines — have 
been calculated from molecular and atomic volumes. The veloci- 
ties of these ions m cm. /sec, volt/cm. have been given. It is 
found that t he velocity ut an ion of these series is closely inversely 
pruportiunal to its linear dimensions. 

2. It is shown that these results may be accounted for by 
considering the motion of an ion through an electrolyte as similar 
to that of a body through a viscous medium. 

We intend continuing work in this direction. We wish to 
thank Mr Wiietham, F.R.S., for suiue kmdiy criticism. 

Cavendish Laboratory, 
March, ld06. 
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On the reduction of the general ternary qutntic to Hilber€s 
canonical form. By H. W. aicHMOND, M^, txags College. 

lEecdvcd 12 March Id06.] 

The theorem that a ternary qiiintic form may generally be 
uniquely expressed as the sum of the fifth powers of seven linear 
forms is due to Hilbert*: recently the theorem has been re- 
discovered in ignorance of Hilbert's result by myself, and again 
a year later by Palatinif. The possibility of reduction to this 
fonn being established, a method of effectin^j^ the redaction (de- 
pending upon the solutioa of a single irredncible eanatioii of the 
seventh degree) which I obtained soon after the publication of mj 
fonner paper is here indicated 

The ternary quintic form is the equation of a plane curve of 
the fifth order, C^i if italic letters y, with suffixes 0, 1, 2 
be the coordinates of points, and Greek letters staud for coordi- 
nates of lines» the equation of may be written 

while 0« and will denote a curve of order n and of class » 
respectively. It is clear that 

2%0 apolar to O9 form generally a Unoar system of fmr 
terms; in feet the only exceptions to this statement are wnen Q 
possesses an apolar F,. Among the Pi's apolar to are included 
those which touch the seven lues representing each of the seven 
linear forms mentioned above. It Will appear that it is always 
possible to find three r,'s apolar to 0| wnoee equations T«»0, 
T,i-0, Tt»0 satisfy 

foT« + f,T, + f.T, = 0 (IX 

the solution being generally unique; if so, the three F/s have 
seven common tangents which give the seven linear forms 

sought 

That the identity (1) should hold it is necessary and auffi* 
oient that 

T,sftS,-f,2,; T.-fA-fA; T.-fA-fA; 

* Liouville*» Journal, Series 4, Vol. nr, p. 25S» 

t Quarterly Journal of Mathematic*, 1902, p. 337. Atti d. R. Acc* 4, 8€» M 
Torino, dO Not. 1902; Mendic. d, M, Ace. dei Lincei, 17 Maj, 1903. 
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where S,, Sj, 2^ are curves of class two; further, we may assume 
without loss of generality that 2,, 2i, 2^ lack respectively terms 

Suppose 

2,-A«. 2,-7A 

then the conditions of apolarity to C, impose the following OOndi- 
tions upon the 15 coefficients of and 2,: 

{Oi - a, ifltf] a,* m 0, {o, (a.)» - a. {o,)«j a«' < 0, 
{<i,(ffl,)"-a,(<i.)F)«i.«-0, 

for all values of x^^ a:,, x,; eighteen coiuiitions, homojCfeneotis in 
fifteen unknown coefficients, have to be satisfied. But clearly the 
conditions obtained by equating to zero the coefficients of x,,x» in 
the first, of XyOpf in the second, and of x^x^ in the third are not 
independent, s standing for either 0, 1, or 2: thus the eighteen 
conditions are brought down to fifteen. The possibility of satisfy- 
ing these depends on the vanishing of a determinant of 15 rows; 
but this determinant is obviously skew-symmetrical and so must 
vanish. 
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Mr Fenton, 



An Indicator for Strong Acids and Biuei, By H. J. H. 
Fenton, ScD., F.R.S.. Ohmt's Ooilege. 

[Jiead 26 February 1906.] 

In previous commuDications to the Society reference has been 
made to a new coodentttion-produel, derived from bromometh^ 
furfural, which has the molecular formoU CuH804 and to which 
the constitution 

CHAHjO . CO . C.Ufi . CHO or QH,0 . CO . CO . CAO . Cfl. 

has been {irovisionallv assigned. 

It was mentioned that this substance may have useful appli- 
cationa in oi|;aolc analysis since it gives highly characteristie 
colour-reactions with certain classes of compounds such as aminsi 
and ureaa 

Later experiments have shewn that this reagent may con- 
veniently be used in the form of t^t papers and in this way the 
application of the tests is greatly simplified although some of the 
reactions arc more sensitive when brought about in solution is 

the manner ]ireviously sngge^ted. 

Test papers prepared from ;iti aqueous-alcoholic solution of the 
reagent [rive, initned lately, an intense green colour with primary 
amines m acetic acid solution ; this colour is at once destroyed by 
strung mineral acids or by alkalis. 

With urea in presence of strong hydrochloric acid a very 
brilliant blue colour is .slowly developed; it appears more quickly 
in prci^ence of dehydrating substance such as acetyl chloride or 
phosphorus oxychlonde. 

with caustic alkalis a beautiful violet-blue colour is imrae- 
diately produce 1 which is at once discharged by a€id&. The 
colour given with normal caustic soda or potash is very intense; 
as the concentration of the solution is dimmished the colour 
becomes paler and is only just perceptible in centi-normal 
solutions. The gradual variation of the colour-intensity with 
concentration is so well marked that it affords at once a rough 
indication of the degree of alkaUuity or concentration of hj* 
droxyl ions. 

The liiint ai which the colour is just barely visible varies, as 
might be expected, greatly with different bases. Rough pre- 
liminary observations indicated that the limit of concentration 
for sodium hydroxide, potassium hydroxide, or tetramethyl- 
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ammonium hydroxide is about 001 normal; for dimethylamine 
0 04 normal and for ammonia 1*8 normal. With sodium carbonate 
the alkalinitv is only perceptible in very strong solutions and with 
borax or sodium acetate no effect at all can be observed at the 
ordinary temperature in solutions of any oonceutration ; od 
warming the strong solutions however the colour becomes 
apparmt. 

If the above-mentioned rea|;ent is fused at about 120* with 
urea a colourless base is obtained which immediately becomes 
blue when treated with adds [Trans, Chmn. Soc. 1903, 187]. 
Test-papers prepcured from an aqueous-alcoholic solution id this 
base may be uasd therefore as an indicator for adds. Normal 
solutions of hydrochloric or nitric adds give a brilliant Phissian 
bine colour, the intendty becoming less and ^inA[ to a pale 
sky-blue as the solution becomes more dilate. Tne limit of 
cQOcentration in this case at which the colour is just perceptible 
is for hydrochloric acid about ded*normaL 

Half norma! solutions of oxalic acid give a bright sky-blue 
oolour wheteas solutions of tartaric acid of the same concentration 
give no colour; solutions of boric acid of an^ concentration give a 
negative result The limit for hydrofluoric acid appears to be 
about 1*3 normal and with acetic acid the colour is not per- 
ceptible until the solution reaches a strength of 12 or 13 
normaL 

An acid-indicator of a different character may be prepared by 
boiling together the first-named reagent with a primary amine, 
such ss p naphthylamine, in alcoholic solution. Test-papers 
prepared with this solution give, at once, an intense green colour 
witn weak acida The limits of sensitiveness in this case are, 
with hydrochloric acid, between about O'OOo normal and deci- 
normal ; with greater conceotrations only a yellow colour is 
produced. 
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Notes on Cycads: with eMbition of a tuts species (Cyots 
Micholitzii) acqtdred by the Botanie Oarden. By A. CX Sbwabd, 
M^, F.R.S., Fellow of Emmanael College. 

[Read 12 Febniuy 1906.] 

The Author exhibited a plant of Cycas Micholitzii recently 
obtaiDed by the Curator of the Univemiy Botanic Garden from 
Messrs Sander and Sons. This species was discovered by Mr W. 
Micholitz, one of Messrs Sander and Sons' collectors, in Annam, 
and described last yoar by Sir William Thisel ton -Dyer in the 
Gardeners' Chronicle*. The illustratioji*^ accompanying the de- 
scription were drawn by an artist on the staff of Mr Ridley, the 
Director of the Botanic Ganipn, Singapore, who sent specimens 
of the plant to the former Director of the Royal Gardens, Kew. 
The following is the diagnosis of the new species: — "Cycas 
Micholitzii, sp. n. Caudex subterraueus, 1^ ped. iongvis 1 J poll 
crassus. Folia pauca, ad 10 ped. longa, ba>ii ad 4 ped. aciileis 
armata, pmnuiis 8 poll, longis, iere 2-dichotonus, segaieuns j poll, 
latis. Strobilus mas (juvenilis) ad 6 poll longu.^. ?;qnami« ao- 
theriferis breviysime acuminatis. Carpophylii lamina terminalis 
obovato-rhombea supeme profunde pectinato-lacera. Annam. 
Legit cl. Micliulitz. W. T. Thiselton-Dyer." 

The most striking character of this species is the repeated 
dichotc niy of most of the pinnae. The two lowest puma, on 
oiii' (»t tlio fronds represented by the Singapore artist arc divided 
inlu SIX and seven linear ultimate segmeal^ respectively: the 
branching appears to be dichotomuus, the lobed pinnae are divided 
by a median sinus, which reaches almost or quilc tu the rachii, 
into two equal branches, and these are again subdivided. The 
terminal pinnae are simple and similar to those of Cycas repoluia 
and other species of the genus: these are suooeeded by pinnae 
with two equal segments, and in the lower pinnae the oltinuUe 
segments exhibit further dichotomy. The Oambridge plant Is 
clearly a young specimen and differs from tint figured by the 
author of the species in the simple character of most of the 
pinnae* while others are divided almost to the base into two linear 
segments. None of the pinnae are subdivided into more than two 
lobes. The ap])caranoe ot ^he slender stem of the yoong Cambridge 

* OariUnen^ Chrotiidtt Aogml 19, 190S, p. 14SL 
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epecimen, havinp^ a diameter at the broadest part of 4 cm. and 
lUiDg to a height of 15 cm. above the surface of the soil, does 
not appear coDsistent with the statement quoted by Sir William 
Thiseitoa-I)yer from Mr Mioholitz that the stem is subterranean. 
The following extract from a letter written by Mr Micholitz* ex- 
presses the views of the discoverer of the species on this point 
"The plant has its stem in the ground, that is to say the stems 
|ppow downwards instead of upwards ; the stem of young plants 
IS covered with 3 — 4 inches of soil (precaution against heat and 
bugh -fires?) and the older the plant the longer or deeper the 
stem grows into the ground, so that the stoin is never visible 
above ground, and the flowering cones appear just level with the 
ground." It would seem, therefore, that the species, as sec A in 
Its native liabitat, is characterised by the subterranean position 
of the stem and tbiit the aerial stem of the cultivated plant does 
not represent the normal condition. The surface of the young 
stem is covered by conticnious transversely elongated bases of 
scale- and foliage-leaves, which do not exhiV)it that marked con- 
trast in size characteristic of some other species of Cijcas. A few 
apugeoLropic roots project above the surface of the ground close 
to the base of the stem. The tip of the stem beai-s a few short 
bruwn scale-leaves and two fronds. The petioles of the fronds 
are lung and slender, armed with a few short spines and termi- 
nating in swollen bases : the margins of the enlarged bases are 
wiiigcd aiid the wings extend a short distance up the sides of the 
petiole as membranous extensions. The largest frond lut.^ a length 
of 130 cm., measured from the tip of the uppermost pinna to 
the base of the petiole ; the pinnae, reaching a length of 35 cm., 
are either simple or divided almost to the base into two equal 
segments. 

The vascular strand in the axis of a pinna exhibits the usual 
Pycadean structure, but, as shown in Fig. 5, there is a considerable 
development of centrifugal xylem. The main portion of the meta- 
inrlem, which consists of reticulate elements, has the form of a 
aught I}' carved band (Fi^. 5, cp): the somewhat crushed and 
swollen protoxylem tracheids (^) form the pointed extremity 
of a group of elements proj^ting upwards mm the middle of 
the upper fieioe of the centripetal xylem. The space between the 
centripetal and the centrifugal xylem is occupied by conjunctive 
tisBue composed of fidrly laige parenchymatous cella The strand 
is enclosed by a sheath (s) of crystal*cootainioff cells with thick 
Hgnified inner walls; between the centripeiaT xylem and the 
eJieatb occur 2 — 3 layers of parenchyma. The phloem shoira the 

* I «m indebted to Mr Lynch, the Curator of the Oimbridge Botanic Oardm, 
for this eztnet, wlUoh be obteiiMd tiuronsb UMOOorleiiyof Umm Sander and Bona. 
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usual Cycadean features. A complete section of the axis of a 
pinna exhibits a doreiventral differentiation : the upper half is 
distinguished by a more compact band of hypodermal fibres and 
by the occurrence of a few layers of chlorophyll-containing cells 
internal to the stereome. The hypoderm next the lower epi- 
dermis forms a less clearly defined band and passes gradually into 
scattered fibres interspersed with the parenchymatous ground- 
tissue. No secretory canals were observed. 

Figs. 1 — 4* illustrate the CTodual change in the form of a 
vascular strand in the region of forking. The single protoxylem 



1 3 




group (pa) becomes double (Fig. 2), and the transyene etongfttka 
of the centripetal xylem and separatioii of the two protozylem 
points are followed by an equal division into two strands. The 
forking of the pinna is thus seen to be aooompanied by a dichotomy 
of the vaaoolar bundle. 

The oooomnoe of forked pinnae of Qyoadean fronds was fint 

* The seetioiifl ware prapared Mim Bjkm of Oirton Collage. 
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noticed by Moore in the AuBtralian spedee Maeraeamia hetero- 
mera*, in some varieties of which the narrow pinnae may be 
divided into six or seven ultimate segments. lu the dichotomous 
method of branching there is the closest resemblance between 
Moore's species and Ci/au MushoHUtU, It is now generally ad- 
mitted that Cycads and Ferns were probably derived nom common 
aDcestors, a conclusion based in part upon certain resemblances 
between existing merabers of these two groups, but founded 
mainly on the discovery of several PalaeoEoic types of a ^neralised 
^fpe in which Cycadean and Filicinean characters are intimately 
associated. In view of this relationship it is interesting to find 
another common feature in the dichotomous branching of the 
pinnae. The fronds of Afatonta pectiTuUaf^ as recently shown 
oy the authors of an exhaustive paper on the young plants 
of this ancient type, exhibit both monopodial and dichotomous 
branching. 

Similarly, Mr Bnodlo^ speaks of the flichotomy of the primary 
pinnae in Gleichenia as a primitive character which occurs also in 
Lygodium. 

In Matonia mrmentosa, Baker§, the forked linear pinnne bear 
a close resemblance to those of Cycas Micholitzii in their method 
of branching. Numerous other inatanccH among fossil and recent 
}»]ants might be quoted of the close correspondence in the pos- 
session of dichotomousiy branched pinnae between Cycads and 
Ferns. 

The discovery of a species of Gycas with dichotomousiy 
branched pinnae suggests the possibility that the simple pinnate 
type of Cycadean frond, with its unbranched pinnae, may be the 
result of reduction from an older type characterised by the more 
primitive dichotomous habit. 

• Moore, Jovm. Proe. R. Soe. New South WaUi, Vol. xvm. 1884, p. 115. 
Seward, Tht Wealden Flora, Part II. (Catalogue of the Mesoxoio Pluto in thtt 
Department of Geology, British Musermi) 18')5, p 5, pi. xiii. 

t Tanalej and LoiilaiQ, Annals Botany, Vol. xix. 1905» p. 477. 

% Boodlt, JfMoif Botany, VoL 1901, p. 705. 

I Bate* AmuUi Mmy, Yol. 1800, p. 191, pL iIt. 
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Experiment on the Hybridisation of Barlei^g, R. H. 

Biff EN, M.A., Emmanuel College. 

[Bead 12 Febnuuy 1906.] 

The cultivated barleys form a group of elemeDtary Bpedci 
known collectively as Hordeum sativum. The moet important of 
these are H. heaxutichunif H. vidgare, H. zeocriton, H. distich unr 
and H, decipiena. In the first pair each of the spikelets in the 
triple groupe characteristic of the genus Hordium is ferliie, 
they differ from one another in the fact that the former has dense 
ears and the latter lax ones. Both may conectly be described 
as six-row barleys. H. vulgare is the name given to the group 
known on the Continent as H. tetrastichuni. The use of this latler 
term is open to the serious objection that it leads to the erroneous 
impression that the barley fniir-rnwed owing to the suppression 
of the median fl(»ret of the triplet. H. 'enrritofi ;ind //. di^iichum 
form a .similar pair of dense and hiv L;roup> diti'ering !"rom the 
former in the lateral Horets, which are stanimate only and conse- 
quently set no grain. Tliese are popularly known as two-row 
barleys. In the group //, deajnens the reduction of the lateral 
florets is carried still further, and they are altogether sexless aod 
practically wanting. 

The six- and two-row groups are connected tocrrih* r liy the 
little known i/. intennedium, in which the lateral tioreta, though 
fertile, are reduced in size and awnless. 

The varieties within the elementary species are distinguished 
by a number of characters. The most important of these are as 
follows : 

1. The paleae may or may not adhere to the grain proper. 

The first condition is described as naked, the second I 
have called " trapped." 

2. The colour of the palr ae rnay be " white," that is, varioas 

shades of yellow ; or it may be black, brown, or purple 

3. The gnuu may be white, bluish-grey, or purple wheii 

stripped of its paleae. 

4. The awns may be normal or trifurcate. This latter t^nn 

is used to denote the presence of a secondary floret 
borne on the awn either at its base or some two or three 
ems. up* 

6. The glumes at the base of each spikelet may be narrow or 
ovate-la&ceolate in shape. 
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In addition there are a namber of minor chanMiten> so thai it 
is obvioQB that theie may be an ahnoet indefinite number of com* 
binationB. 

In order to simplify another problem we have in hand it hae 
been neoewaiy to trace in some detail the inheritance of these 
various characters. For the most part this has not poved a diffi- 
cult matter, and few complications have been met with. Most of 
the wioua characters seCTegate sharply from one another, and 
form good examples of we allelomorphic pairs we are now so 
familiar with, ifiese pairs are as follows^ the dominant chaiacter 
being placed first in each : 

1. Trapped and naked grain. 

2. Brown, black, or purple paleae and white. 

3. Dark and light coloured grain. 

4. Tri furcate and normal awns, 
6. Narrow and broad glumes, 

6. Two-row and six -row. 

7. The decipiens type and two- row. 

8. The decipiem type and six-row give an intermediate. 

9. Lax and dense ears give an intermediate in the Fl. 

For the present attention need only be called to the more 
complex ca^es. The first of these is provided by crosses between 
the awned and trifurcate varieties. Tscheniiak has described one 
example of such a cross, and he states that the awned form is 
dominant over the trifurcate. In the four cases I have examined 
the supernumerary dowers have always been present in the F 1, so 
that it would appear as if the hooded or trifurcate form was 
normally dominant over the awned. The F Ts, however, differ 
a good deal among themselves with regard to the position of the 
extra florets. In one cross-bred they were practically sessile, m in 
the parent, but in the other three they were borne on lung awns 
which were prolonged beyond them. In the subsequent generation 
most of the hooded forios bore the extra floret ou awns some three 
or four centimetres in length. In many of these plants few of the 
awns carried such fuily develop)ed extra florets <is the parent. If 
all of these partially hooded forms are to be reckoned as trifurcate 
then there is good reason to consider the trifurcate condition aa 
dominant, for they occur in the proportion of three to one ol" the 
normally awned forms. On the other hand, it may be that the 
F 1 should be described Jis an intermediate, in which case the 
partially hooded types should occur in the proportion of two to 
one of the awned, but the difficulty of deciding between fully and 
partially hooded ears is too great for one to separate the forms 
latis&ctorily. This can, however, be determined in the following 
generation. One other cross between a hooded variety may be 
mentioned here. In this case an aw&less variety was used as the 

▼ou ZIIL FX. V. 21 
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other parent. The Fl was awnless, showing that this conrfition 
as in the case of the wheats, is dominant, whilst the F 2 consi.'^t^-d 
of hooded and awnless individuals. The awnless parent is a vanety 
in the sense of thr word as used by de Vries, ana it is o&e of veiy 
recent oripin, vet it is dominant over the older type. 

The crosses between varieties in which one parent has deoise 
the other lax ears have now to be considpred. In the case of 
wheat, where these characters are also present, Spill man shewed 
that the Fl was intermediate between the parents \u this rcispect, 
and that in the second generation the normal segregation t)ccurred, 
resulting in the production of lax, intermediate, and dense ears in 
the proportion of 1 : 2 : 1. In the barleys I have examined np to 
the pi est lit the F 1 is also intermediate between the parents in ihe 
density of the ears. When, however, one attempts to separau^ the 
three expected types one can readily pick out many of the two ex- 
tremes, but numerous cases occur where one cannot say whether 
any given ear should be classed as ;tn intermediate or not On 
shuffling the ears and again attempting to separate them, a result 
totally at variance with the former one Wtis generally obtame<"l. At 
first I was under the impression that this was due to the difficn I'y 
of correctly gauging the relative laxness and denseness by eye, ^ 
I measured the length of the intemodes. but the figures so obtained 
did not fidl into the three expected groups. On plotting curves 
for a number of separate crosses with these iigiires on the oMe line 
the explanation of these apparently non-eonformablo ottoes mi 
found. Where there were extremely lax and dense forma oroased 
it was dear that the three seosiate curves existed, but the ends of 
the curves corresnonding to tne lax and dense types were cowed 
by the curve of tne intermediates. In cases where the di H sffs a c e 
between the parenta was less pronounced the overlapping wna so 
great that the three curves fused into one> showing, howevar» en 
either side a distinct secondary apex. The F 2 generation of the 
croas between H. pyr<midaJtiim and d^^pim mav be taken to 
illustrate this point further. The average intemode length of the 
parents was found to be 1*8 and 8*4 mms. respectively, that <d the 
F 1 3'2 mms. The measurements for the F 2 gencfatioii wen as 
follows: 

1*4 1*6 1-8 2*0 2-2 2«4 9*6 2-8 8 0 S-S 8*4 3-6 S-8 4-0 4-2 4-4 bum. 
0 8 7 14 19 19 49 41 28 16 6 4 2 2 1 0 indhidMli. 

An individual ear measuring 24 mms. then may be either a 
true dense form or a heterozygote, and the distinction can only be 

made by sowing its grains ana observing whether the progeny are 
constant or whether segregation occurs. This test has been carried 

onl in tlie e.\ain]:)le qnotetl, and by separating the individuals in 
this way it was found that the splitting was ncinnal, as it resulted 

in the production oi two intermediateB to one each of the lax aad 
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dense types. Ooe other poiot has to be briefly noted here— -that 
is. that, knowing the range of the variability of the parents, one 
ahould be able tooalculate from the F 2 cunre the Dumber of indi- 
viduals in the three groups of which it is composed. This assumes 
thftt the fluctuating variability of the extracted lax and dense 
Ibrms is the same as that of the poientei 

This does not appear to be the case, and a considerable amount 
of evidence, not only among the barleys but also among the wheats, 
has accumulated, which shows that the range of variability of the 
extracted characters is widened to an appreciable extent Thus 
amonpfst the lax individuals are some in which the ears show as 
nkuch as a 10 per cent, increase in this character. It is also doubt- 
ful whether the average intcrnode length of the extracted types is 
the same as that of the lax or the dense parents. What little 
evidenee v^e have on this point lends me to suspect that thv. average 
length itself is altered. To obtain the necessary statistics will be 
tedious work, but, in view of the impoi tane»^ of the question to 
those wliu are attempting to apply Mendeiian principles to the 
improverneiit of our crops, it will have to be undertaken. 

As a preuf of the value of these observations to the plant- 
breeder it may be stated that the extremes selected from the F2 
have in the cases tested bred true to this particular character. 

The crosses between varieties showing different degrees of 
develop)ment of the lateral florrts liave given some interesting 
results. In a previous communi ation I pointed out that where 
a variety with no lateral florets wa^ <^]<j.s8ed with uue possessing 
male florets the F 1 resembled the former parent in this respect, 
inasmuch as that, though very minute florets were produced, they 
were altogether sexless. Since then the F 2 of a number of such 
crosses has been grown, and also one F 3, In each case the F2 
consisted of individuals with either no lateral florets, or with 
minute and sexless laterals, or with well-developed male laterals. 
The three groups occur in the proportion of 1:2:1, and they are 
perfectly distinct from one another. In the single F3 so fiir 
tested the individuals with the minute laterals ha?e invariably 
proved to he heterozygotes, whilst those with no laterals and those 
with male latends liave proved to be homozygotes. The sexless 
oooditkm of the laterals may therefore be described as domtnani 
Where one paieut has black paleae in sudi crosses the lateral 
florets^ both male and rudimentary, are white. 

A number of hybrids between varieties of this decipiens trpe 
and varieties with folly fertile laterals have been raised. The F 1 
in such esses bears small lateral florets containing either vestiges 
of stamens or fully developed ooes. The heterosygote is thus a 
two-row barley in the popular sense of the woitl, or from the 
sgnrlematic pomt of view a disHehum or a i mntoi according to 

91—3 



Digitized by Google 



SOS Mr Biffmt, Bt^^mimaiU on the H^MdimOUm of Bariet^ 



the laxneis or denseoesB of the ear. In the following geneimtidi 
three forme of ear occur, the Biz*row, two-row, and the dedpjeiu, 
in the proportion of 1 : 2 : 1. The reciprocal crooBOO give preeiselj 
the same reenltflL Only one F8 of this combination of charaeten 
has yet been grown, and that unfortunately a small one. It serves, 
however, to fthow that the forms with the male laterals produced 
in the F 2 are true heterozvgotes, since they give riae to individnala 
with hermaphrodite or with sexless laterals as well as the form with 
staminate lateral florets only. These latter are indistinguishahle 
from the two-row barieys in general cultivation as far as external 
appearances go. Summarizing this part of the story, then, we may 
say that the result of crossing varieties with sexless and with her- 
maphrodite laterab is to suppress the production of the female 
portion, so jiving a unisexual male heterozygote. 

It remains now to consider the results of crossing together 
varieties with male and hermaphrodite lateral florets. My first 
experiments in this direction led me to conclude that the hetero- 
zygote in such cases was a true two-rowed individual, and that it? 
progeny cnnsi.sted of three of the former to one of the latt-er type. 
More recently I have found o.-ises in which the hetemzv^ote Vvt*^ a 
few Tindoubtedly fertile fiorets in the lateral rows, and .sucij occur 
amongst its offspring in the follnwing generation. If such are to 
be included in the group with male laterals and looked upon as 
abnormalities, which as a matter of fact oecur from time to time 
in the two-rowed varieties, then the segregation is normal, for 
there are three two-rowed individuals to each two-rowed. It is 
more probable though that we again have to deal with an uiT - r- 
mediate heterozygote m which the formation of small but nomiaiiy 
fertile florets is the rule, but, as there are complications occurring, 
very possibly owing to differences of nutrition, the further descrip- 
tion of this ca&e must be deferred until the individuals from the 
F2, .LS8umed to be heterozygotes, have been tested iu the foUowiog 
generation. 
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A Preliminary Note on the Maiotic Phenomena in the Egga 
of^ the Hermaphrodite ** Angiostamum marovenostim " (" Aecarie 
mgmmiMa"). Bj a A. M'^Dowall^ bX, Trinity College. 

[JUeewed 23 Febnuiy 1906.] 

It was 8u|(ge8ted to me by Mr PanDett> of Caius College, that 
ao iiiTestigatUHi of the maturation processes in the sex celk^ of 
Angioetomum nigrcmnoeum, Rud. (Angiostomum, Duj.; Aeearia^ 
LiiuL; Rhabdonemat Ktttz.) might lead to interesting resulta As 
is well known this nematode presents the unique phenomenon 
of a protandrous hermaphrodite generation, alternating with a 
dioecious*; and it seemed very possible that there might be 
correspondmg peculiarities in the maturing sex cells of the worm. 

The technical difficulties of the examination proved unex- 
pectedly great, owing to the iTiiperviousness of the cuticle, and 
also to the minntp size of the dioecious or BJiahditis form. The 
w<)rk was mucii delayed by illness, and I have ')nly been able to 
obUiin satisfactory resulta in the hermaphrodite generation. 

As, however, the maiotic^ phenomena in the oocytes of this 
generation present features of some interest, it seamed worth while 
to publish a preliminary account now, in the ]u>}h» ot supplementing 
the description later with a fuller account of them in both the 
hermaphr (iite form and the Rhahditia. The preservative used 
was Petruiikewitsch's tluidj, but special methods of applicatKui 
were resorted to in order to ensure satisfactory results. The 
sections were stained with iron-haematoxylin and orange G. 
The onset of the maiotic phase is well marked. The nucleoli are 
large ; they ure generally not vacuolated, and only in very rare 
instances is more than one present. 

The first sign of activity manifests itself in an increase in the 
linin network, which becomes very denae. "Ghromatio clouda" 
appear in the nodal aggregations of linin, and these gradually 
become denser, spreading alon^ the linin threads, and forming the 
distinct chromatin network, with nodal chromattn-masses. 

The reticulum next splits into definite chromosomes, apparently 
twelre in number. 

* B. Ifaimikow, Ankboptr Anat. u. Phy». {MnUer't Archiv), 1865. 
t T e. Reducnnn, v. Farmer and Moore, Q.J.M.S , Vol. 48, Part it, 1905, p. 489. 
t A. Petraakewitaob, ZooL JUkrb,, AbtbeilttDg far Aoat. o. Oot der Tlu«r9, 
Bd. xiT. p. 676. 
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They are rath^ elongated, eometiineB rod-like, eometiiiiet 
more irregular in form. These ohiomoBomeB, however, do noi 
remain long in this condition. Even from thdr earliest appear^ 
ance they tend to lie in pairs, parallel to one another, toough 
there seems to be no actual union ; and very shorUy ^ey are seen 
to be no longer parallel, but at an angle one to the other. 

Fusion between the approximating ends takeeplaoe, so that 
six V-ehaped double chromosomes are formed (F^. 1). (Hw 
figure is purely diagrammatic, and the chromosomes are somewhat 
reduced m size. In no individual nucleus can the pairing be 
seen in more than one or two casea) 

A transitory contraction-phase seems to ensue 

The V-shaped chromoeomes then elongate considerably, and 
form what at first sight appears to be a segmented spireme. 
Sometimes an indistinct longitudinal split is visible in the cnromo- 
somes at this time (Fig. 2). 

Next, the chromosomes shorten and thicken, and again become 
V-shaped ; a second contracHon^ffuue seems to occur*. 

The angle of each V now points inwards towards the centre of 
the nucleus, while the tips of the arms tx)uch the nuclear mem- 
brane. This gives the appearance of a secondary reticulum, with 
a very dim network and twelve rounded nodal bodies, intensely 
chromatic, of approximately equal size (Fig. 3). 

The next stage is interesting. The chromatin appears to run 
more and more towards these false nodes, the arms of the V pro- 
jectini^r inwards toward;: the angle becoming more and more 
contracted, and the angle enclosed by them wider and wider; so 
that at last only the two ntnlal spots are left, now verv close 
together and enlarged, joined by a band of" Zwischen substAnzf." 

We have thus twelve darkly-staining chromosomes of verv 
characteristic shape, fused together in pairs (Fig. 4). Frequently 
there appears Lo be one very large pair, one slightly smaller, and 
four a little smaller still. Often before the breaking-down of the 
nurlear membrane a second split is visible, dividing each chromo- 
some — probably the remains of the longitudinal split seen in the 
pseudo-spireme stage — so that a tetrad appearance is found. 
Meantime the nucleolus (N, diagrams 1 — 3), which has been 
gradually diminishing in size, shruiks rapidly, and is finally 
extruded into the cytupiasm juat before the breaking down of the 

• Of. Ftnn«r tad Moore, Q,J.M,a, Vol, 48, But it. 190S, p. 541. 

t K. BoDnevie \ nat. Anxeig^r, Bd. zxvi. p. 501}, dewsrioM this " ZwiielMii. 
Bubstnnz " as chromatic in Enteroxenos : "Die beiden chromatinfidert der Doppel- 
ebromoiioma aiod, wie sobon oben erwabni, durch eioe chromatitcke Zwiachen- 
■iibitaikf verbondeD.** Bot in the «Me of Anpiottimum nlfroMMwn it fa 
diatinotlj not chromatic, and appfirmtly Btaina lightly wi;h orango O. Perhape, 
however, " chromatiiche " It ft mittphnt for tUutickt,*' whioh woxd ii oaod in Ite 
aumuar^ given at tlift end of the paper. 
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I nuclear membrane, and the re it is immediately disintegrated. 
The raaturation-divisioiis themselves are di^Iicult to follow. 

The deutoplasm is exceedingly dense* at this time, and often 
appears to oontain fragments of the degenerated nucleolus, so that 
, the details are mach oDscured. Additional difficnlties ariae, owing 
to the fact that the fini maturation-division only takes place at 
or just before the time of the entrance the spermateiooii, the 
second immediately succeeding it ; while definite polar bodies are 
not formed, the polar nuclei remaining in the deutoplasm. The 
divisioiifl^ however, appear to be of the normal typef , the double 
chromosomes splittmg into their components and six going 
inta the first polar body, which may spatn divide subsequently, 
the other six at once splitting along the already-formed lin^ of 
fission. Thus the first aivision is a reduction. I have not been 
able to distinguish any definite spindle-fibres. This may be due 
to the density of the deutoplasm, or possibly to imperfect preserva- 
tion, although the earlier stages are perfectly preserved. By 
using an obhque illumination, distinct lines of stress in the deuto- 
plasm are sometimes Tnade visible, so that it is quite possible that 
no actual fibres are formed. 

The male nucleus is small, but very rapidly enlarges in its 
passage through the ovum. The chromosomes of the male and 
female nuclei perhi^ unite in pairs, temporarily. Distinct indi- 
cations of such a pairing are to be found. 

The nucleus then enters on a densely-chromatic restiag-stage. 
It is extremely large. 

A large centrally- placed nucleolus appears, and the chromatin 
arranges itself round this in a very characteristic manner. The 
yolk rapidly increases, and acquires a different reaction, spherules 
being present which stain well with haematoxylin ; whereas bofore 
fertilisation spherules were not recognisable, and the deutoplasm 
stained with orang'^ G. 

It may be worth noting here what very different results are 
btained by using unsatisfactory preservatives. A nexies of 
fertilised ova, prei^erved with Flemming's fluid and stamed with 
iron-haeniatL-xylin and eosin, show a very distinct nuclear mem- 
brane, surruunding a clear space which stains rather unevenly 
a yellowish colour, in which lie two dtitmite structures of large 
bize, one curved and dark, the other a cloudy reflection of the first, 
staining a brownish colour. 

♦ Cf. C. NeuhftUfl, .Trnaifhe Zeitgchr. fllr Naturwits., Bd. xxxvii. p, 658. 

t I oao tind no trace oi the perststeDce of the doable-obromosomes dMcrib«d bj 
K. Bomufvlt in BottroMBot (op. et'r.). Bafii«r, Um evldmoe diJtiDotly points to a 
•eparation of the oonjagated cnromoHome«, thouph vrhethpr this actually occurs in 
the /nf or the fecond mfttriratinn *1ivipion \^ difticult to detennind, owing to the 
sjminetriciU tetrad form oi iho duubie-chromuiiomes. 
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In pioperly-preflenred examples I find nothing reeemUng 
these structures, which however are the more canous, as thej 
appear throughout one whole series of sections. 

Although all the phases descrihed, with the exception of tlie 
last stage of the synopsis, are complex and diflficolt to obeme, jet 
in fayourahle instances they are sufficientlj dear to make their 
interpretation certain, and the occurrence of these pecnHir 
appearsnces in badly-preserved material does not alter mj viem 
as to the real meaning of the phenomena observed. 
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Plate IV. 





Fig. 3. Semi-diagrainiimtic. 




Fig. 4. S^'ini-diagramiuatic. 



Digitized by Google 



Mr Ruhemann, The Action of Acidchiorides, etc, 318 



77is Action of AddehlarideB of Acetj/lenie Aeidt on KeUmie 
Compounds, Bj S. RuHBMAif N, UJl., Caiufi College. 

[BMd 26 Febniuy 1906.] 

Some months ago Ruhemann and Merriman (Trans. Chem,8oc,, 
1905, Lxxxvii. 138S) published the results of an investigath)n on 

the action of phenylpropiolyl chloride on sodioacetylacetone, and 
showed that a yellow compound Cj4HijO, was formed which, 
under the influence of piperidine, changed into a red isomeride. 
This was found to dissolve in alkalis, their carbonates or organic 
baseB to yield blue solutions and, on boiling with sodium carbonate, 
to sufFi r a transformation into a colourless acid which had the 
same niolecnlar composition as the former two compounds. These 
ch&Dges were symbolised thus: 

C«H« . OH : 0— O— C . OH, 



00 ^C.OO.CH. 

0{OH):C.C.H, 

\l.OH, 
00 ^ 



0,H,.C :C.C0;H 



CO. OH, 0H,.C:C.CO.OH,. 

I have now undertaken the further study of these substances 
with the view of supporting the above constitutional formulae. 
My attention ha^ been din rrtHi especially to the red isouiende 
CmHijO, the properties of which closely resemble the colourless 
triethyl oxal^iacomtate (see Ruhemann and Hemmy, Trans. 
Chem. Soc., 1897, Lxxi, 34), and Claisen and Ewan 's oxalyldibenzyl- 
ketoue (Annalm, 1895, ccLXXXiv. 245). The analogy of these 
three compounds is indicated, also, by the similarity of their 
structural formulae : 



G (OH)— C . C,H, C (OH) ^ 0.00.. C,H, 

\ \ 
C.OH O.CO,.C,H, 

CO C . C« H, CO C . CO, Cj H, 

OxaijidibenzjlketoDe Triefchjl 0XAijlAconitftt« 



0(OH)»C.Q,H, 
\.CH, 



CO- 



COCK, 

Oxttijiphenj-iuiethjl 
itylpropeoe. 
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This fact, already, supports the constitution of the red isomeride 
ChHi-^CJ,, and the following behaviour point-^ to the saiiie cuu- 
clusi(M]. Under the intiueuce of phenylhydraziiie, the compound 
yields a phenylhydrazone which, on account of its insolubility in 
alkalis, is to be represented thus : 

Q,H, NH.N:C.CH.q,H, 



O.CH, 
OO.C.CO.CH,; 

ito formatioD, therefore, is aooompanied by the change of tbe 
enotic into the ketonic gronpinff. Analoeous oompoands are 
formed by the action of eemiearbaside and hydroxylamine oo 
the red snbstanoe QMHuOt; these are to be eaprossod by the 

synabols: 



NH, . CO . NH . N : C - CH . CJEL^ 

C.CHg; reap. 

CO— C . CO . CH, 



\ 
C.CH, 

CO— C . CO . CH,. 



The circumstance that the latter two compounds are coloarles 
leads to the conclusion that the red cotpar pf CmHuO^ is doe to 
the enolic group, 



COH : 0— 

I 

CO— 

and disappears with the change into the ke tunic grouping, 

OO— OH— 

Ao- 

This behaviour of the red isomeride allows of a ready explanation 
of the results at which Claisen and Ewan arrived in the course of 
their study of oxalyldibenzylketone. This substance forms yellow 
as well as blue salts. From the properties of the red compoond, 
Gi«HuO,, and triethyl oxalylaoonitate it follows that the latter 
seits are to be formulated thus: 

.Me'.O.C = C.0gH, 

\.OMe' 
OC--0 . C,H, 
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and the yellow salts; 

00— OH . 0«Kb 

\ 

0 . OMe' 



oc~c 



This view leads to the conclusion that the anangemeat 



— 00.0(0H) = 



^ves rise to the formation of blue aalts, whilst yellow salts are 
produced, if the carbinol group occupies the /S-position towards 
the ke tonic trroup: 



A number of compounds with the latter arrangement are known, 
and they dissolve in alkalis or their carbonates to yield yellow 
8olatioD& In the light of this view concerning the constitution 
of (he blue and yellow salts of ozalyldibenzylketone, the various 
deiivafciTes of this compound which Claisen aod Ewan obtained, 
ein readily be fonnnlated, and these formulae are found to be in 
doee agreement with the behavkmr of those subetanoes. 
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The IHhydrotetrasmee, By S. Euhemanm, MJL, Caius College. 

[Bead 26 Fefaraftvy 1906.] 

Lately Ruhemann and Merriman (Camh. Ph. Soc.^ viii. 209: 
Tram. C^iem. Soc., 1905, lxxxvii. 1768) showed that, in the pre- 
Bence of piperidine, tetrazoline condensed with aldehydes to lonii 
compounds which were represented thus : 

R..CH:C< >0H; 



it was, thereforBi assumed that their fonnation ivaa aoeompanied 
by the change of tetraioline into ita iaomeride. Thia view aeeiBed 
to be aapported by the properties of the iodide C^E^N4l wbi^ 
is fonnea Dy the action of methyl iodide on tetmaolinet» and by 
the behaviour of the hydrochloride of the base towards platimc 
chloride. Recently Stolid (B^r. 1906, xxzix. 8i6) eipresaed the 
tiew that since diphenyltetraaoline, 

yielded with benzaldehyde a compound which on account of its 
synthesis had the formula^ 



an analogous constitution bad to be assii^ed to the prodncts 
which were produced by the interaction of tetrazobne with alde- 
hydes. In a note which, shortly, will appear in the BendUe I 
have pointed out that such a conclusion is not justified since the 
behaviour of tetrazoline is msu^kedly different from dimethvl- 
tetrazoline. This diScrence is also manifested by the following 
facts : 

Dimethyl tetrazoline reacts with methyl iodide to yield almost 
exclusively the iodide C8H„N4l which may be transformed into 
the periodide CaH„N4l,. This is brown whereas the correspond- 
ing compound from tetr.'^line is dark blue. Again, the iodide 
CHjNaI Droduced from tetrazoline, in the presence of an alkali, 
*lisea by the oxygen of the air to yield a blue solntioo, 
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but the iodide C4HUN4I which is formed from dimelbjltetiacolme 
does Dot give sach a rescdon. 

Rohemann and Merrimaa (loc ct^) have stated that the 
alooh<^ solatioD of the mixtare of dimethyltetrasoline aod 
beonldehyde does not defMsit a solid even on standing with 
fsperidine for many days. I have since found that a condenaa- 
tion-prodnet is indeed formed which is very solnble in alcohol, 
but the vield is so smaU that I have not ^et examined this 
oompoiincL More promptly dimethyltetrasoline condenses with 
salicylic aldehyde, butr the compoand, which is formed, differs 
from the one which ib produced by the action of salicyUc alde- 
hyde on tetrasoline. It has the composition GuH„ON«» H,0, 
and therefore poesesses one moL of water of eiystallisation which 
it loses at 100 ; this substance, moreover, is sparingly soluble in 
cold dilute hydrochloric acid, and this solution does not Rive a 
precipitate with platinic chloride, whereas o-hydrozybenzyudeDe- 
tetraioline as well as the other condensation-prcxlucts of tetrazoline 
with aldehydes, are readily soluble in bydrochlonc acid, and with 

{)latimc chJoride, form chloroplatinates. These facts therefore 
ead to the conclusion that, althouc'h the condensation-products 
of dimethyltetrazoline with aldehyoes are most probably to be 
expressed by the formula 



the oone^Mmdin^ compounds from tetrasoline have a different 
constitution whi<m ia probably the one suggested by Ruhemann 
and Merriman. 

Bisdiazomethsne, like its isomeride tetrazoline, reacts with 
aldehydes, i.e. m-nitrobenzaldehyde or salicylic aldehyde, to yield 
compounds which, no doubt, are to be represented by the symbol 



These substances are hydrolysed readily by boiling water and 
differ from the condensation -products of tetrazoline with alde- 
hydes inasmuch as they do not yield precipitates with platinic 
chloride. 




CH.R C.CH 
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A Theory of the Widening of Lines in Spectra. By J. J 
Thomson, MJl. F^S^ Ca\reiiduh Profeesor of EzpenmenUl 

PhjilGS. 

[Bead 12 Mwoh 190e.] 

The well-known widening which occurs under suitable 
conditions in the lines of the spectra of many elements i* 
regarded in this paper as due to the effect of resunance between 
systems which if free from each other's influence would vibrdt^ 
in the same period. If two systems whose free periods are p^, ;^ 
are brought near together so as to exert small forcci? on each 
other, the actual periods of the compound system thus formed 
will in general differ from p,, pj, the periods of the constituent 
systems. If p, is not equal to p, this difference however will be 
very small as the changes in the periods will be proportional to 
the squares of the small forces which the one system exerts, on 
the other. If, however, pi and p« are equal the changes in the 

geriods will be much lai^ier as they will be proportional to the 
rst power instead of to the square of the jfofoee between the 
eystema We shall confine our attention to the influenee on eadi 
other of Bystenu whose free periods are the same; unless tin 
influence is very large that of systems with unequal periods wiH 
be quite inappredable. 

We shall assume that the lines in the spectra are doe to the 
▼ibrations of negatively electrified corpuscles: the forces exerted 
by <me yibrating corpuscle on another are of two kinds^ (I) the 
electrostatic repulsion- between the corpuscles, (2) those due to 
electromagnetic induction between the movinff corpuscles. We 
shall consider these separately, beginning with the electrostitk 
forces. Consider two corpuscles (1) and (2) vibrating paralld to 
the axis of m\ let 4^, be the displacements from equiubrium d 
these corpusdes re^)ectively, m the mass of either oorpisde^ 
Ik the force of restitution for unit displacement, then if the 
corpuscles were vibrating freely and not influencing each ote 
we should have 

When we take the electrostatic forces between the twocoipDieks 
into account these equations become 



in ~ -3co8«^)(«i-flS|)^ 
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where e is the electrostatic raeaHure of the charge on a corpuscle, 
r the distance between the corpuscles and 6 the anglt the line 
joioing the corpuscles mak< s with the axis of x. If and p^ are 
now the times of vibratiun of the system of two corpuscles, we 
see from 6t|uation (I) that pi aud p^ are the roots of the equation 

— a — m^y = a* 

where a ia written for 

5(l-3cos«^); 

thus /I - a - mp^ = i a. 

If p» is the undisturbed period — mpf =* 0» then 



One period is thus the same as the undisturbed period and if 
hp is the smalt change in the other period we have 



Thus if 3 cos' 6 is less than unity the period will be diminished, 
Le. the line will be displaced towards the red end of the spectrum, 
while if 3 cos' 6 is greater than unity the period will be increased. 
Leu the line will be displaced towards the violet end. The greatest 
negative vidue of 1 — Soos' ^ is — 2, the greatest positive value 1, 
thus the maximum increase in the period is twice the maximum 
decrease. 

Thus if we have a crowd of vibrating corpuscles symmetrically 
distributed round one vibrating vrith the same period, the sharp 
line corresponding to this period will be broaaened out into a 
band, the maximum displacement towards the violet end will be 
twice that towards the red end, but inasmuch as S(l~3cos''^) 
vanishes for a symmetrical distribution, the amount of light in the 
band on the (i side of the original line will be the same as that 
on the blue sid*^, 

We bee that the maximum amount of widening varies as l/H, 
Le. ifl proportional to the density of the synchiunously vibrating 
corpuscles ; whon the spectrum is produced by the electric dis- 
charge the number of these corpuscles will increase with the 
current density, hence we see the reason for the well-known 
widening of the line^j wJien iIk; uuirent density is increai>ed. 
A large number of lumiuoua particles would not give widened 
lines unless the particles were vibrating synchronously, it is only 
the density of the synchronous particles that affects the widening 



m 




mpi,r* 



(l-8cos*^. 
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and not the density of the whole collection of partidea Thw 
we mieht have a great density of luminous partides and yet a 
small aensity of the particles giving out some particular lin^ in 
this case we , should not get a widening of the line : thus for 
example if we have a smidl quantity of one gas A mixed with 
a large Quantity of another we might have a lai]^ current 
density through the mixture and yet a small density of the 
particK^ givinc; out the A lines — ^in such a case the lines of A 
would not widen : we see in this way the explanation of the 
well-known fact that the lines of an impurity oo not widen. 

Different lines in the same spectrum widen to very different 
amounts, some become quite broad whilst others hardly widen si 
all: the difference being far j^reater than could be explained by 
the factor 1/^ in the expression for hp. May not this differenoe 
in the behaviour of the lines be due to different lines on^atiDg 
in different systems ? We are accustomed to regard all tne lines 
in, say, the iron spectrum as corresponding to possible periods of 
vibration in the n<M*mal atom of iron; it seems to me more 
probable that many of these lines originate from systems whidi 
are not the normal atom, but systems— corpusculates we might 
call them — formed by the combination of the atom with some of 
the crowd of corpuscles by which it is sunrounded in the electric 
disoham. When a discharge passes the atoms are surrounded by 
a crowd of corpuscles and it seems probable that compounds, not 
permanent indeed, but lasting sufficiently long to give out their 
characteristic vibrations might be formed between the atom and 
the corpuscles. These compounds need not be all of the same 
kind, nor need all kinds be equally numerous, the lines given cut 
by systems which were numerous would widen, while those given 
out by the scarce systems would not. 

The absorption spectrum of the cold vapour would not show 
the lines due to these temporary compounds of atoms and cor- 
puscles, but these lines might be reversed by vapours through 
which an electric dischai^ is nassing or which are at such high 
temperatures that they are good conductors of electricity ; in such 
cases corpuscles are present and could form compounds with the 
atoms. 

The lines most likely to be reversed would be those corre- 
sponding to the most prevalent compound, as in the reversiDg 
layer the systems able to absorb these lines would be more 
numerous than the systems able to absorb any other lines; and 

since in the luminous gas the density of these systems would also 
be greater than that of the others, these lines would be the most 
easily widened. Thus we should expect lines easily widened to be 
easily reversed. 

So far we have only considered the effect on the periods of the 
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electratatic lepuUdon between the cerpuscleB, we can easily see 
that similar eneets are produced by the forces due to electro- 
magnetic induction. 

The effect of these forces can be represented by introducing a 
term 



6* fdxi dx,j (/7/1 dy^ dz^ dz^ 



in the expression for the Idnetic energy of two corpuscles, V being 
the velocity of light, the rest of the notation beiog the same as 
before The introduction of this term, if we neglect squares and 
products of the velocities, leads to the equations 

Hence pi and p^, the two periods, are the roots of the equation 

or M-««P^=± TTTll^* 



or ip- 1 



Thus in the case of two corpuscles the shift due to the electro- 
magnetic induction wcjuld be tlie same on the two sides of the 
original line ; the effect in this case is proportional to j) while for 
the electrostatic repulsion it is proportional to lip. It is also 
proportional to 1/r instead of 1/r* so that though the electro- 
uia^^iietic effect uf a single corpuscle is less than the electrostatic 
effect, the effect of more distant corpuscles will be relatively more 
important and we have to integrate the effects over a larger 
volume. The general conclusions drawn from the consideration of 
the electrostatic effect apply also to the electromagnetic. 



Digitized by Google 



882 



Prof. Thammm^ 



0% Smsondary BdiUgm JRadUMoii. By Pn>f. J. J. Thohsoh, 

[Head 12 March 1906.] 

The greater part of the Beoondaiy ndiatioii piodaced when 
Rfintgen rays pass through a medium is absoibed in the medium 
itself, the part which cmerffes and which is all thiit can he 
measured is hut a small fraction of the whole seoondaiy rsdiatHW 
We can find the relation between the energy of all the seoondsiy 
radiation and of that -which emeraes in the following way. Sop- 
pose the absorbing medium is a puite of thickness h boimded ij 
planes at right angles to the axis of and let the primary 
oe travelling parallel to the ads of 

Let Jt be the amount of energy crossing unit area in anit 
time for the primary waves when they enter the plate, X the 
coefficient of absorption of the primary radiation ; / uie inteositT 
of the primary radiation when it has travelled a distance c in the 

Slate will be equal to /oe~^ ; the amount of energy absorbed in a 
istance dx is Xl^e'^dx, let the amount of this energy emitted 
as secondary radiation be /cX7o€~^c2«; Half of this will tra. ' 
forward in the direction of the primary radiation and half wili 
travel backward. Let R he the amounts of eneigy in the 
secondary rays travelling backwards and forwards lesjieedvelj 
which cross unit area in unit time at a distance x mm Um 
front of the plate, /9 the coefficient of absorption of the seoondiiy 
rays; we have 

itr - iieXl.€'*»dm - fiTdm, 

the solutions of these equations sttisfying the oonditious that 
r»0 when w^O, and i2«-0 when are 

2/3 + X^* ^ 

To find the values when the secondary rays emerge from the 
plate we put m^h in, the expression for T and c«0 in the ei- 
pression for R ; doing this we find 
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If the plftte IB thidc enough to make fih laige, we have 

If <S is the ionization produced by the secondary rays in a thin 
layer of gas close to the front layer of the plate 5— Ryt, where t 
is the thickness of the layer, and 7 the coefficient of absorption 
of the secondary rays in the gas. If P is the ionization produced 
by the primary rays in the same layer P ~ hht, S being the co- 
e&cient of absorption of the primary rays in the gas ; hence 

S R y I K.X y 

As the secondary rays are, in general, much more easily absorbed 
than the primary, 0 will be large compared with X; when this is 
the case, we have approximately 

8 ^1 K »X y 

Now \(S is the ntio of the ooeffioieiite of abeorption of the 
primary rays in the jplate and gas zespectiTely, while fi/y is the 
latio of these eoefficients for the seoondarv rays, and for Rtfutgen 
ra^ the softer the la^ the greater is the ahsorption of dense 
media in comparison with gases ; hence, as' the secondary rays are 
softer than the primary nys, we should expect fi/y to be greater 
than X/Sb and in this case 

or K> tSIP. 

When the plate is made of a dense substance like lead S is 
much greater than P. 1 have lately nieasiired S for a large number 
of different elements, and found that Uiking any two elements 
the one with the greater atomic weight gives the greater value 
of S, so that the values of for the different elemeuta are in 
the same order as their atomic weights. If, however, S is greater 
than I\ K is greater than unity ; this implies that unless the 
proportion of energy spent in ionization is much larger in the 
case of the secondary radiation than in that of the primary, more 
eneigy is given out as secondary radiation than is supplied by the 
primary. We may r^^ard the primary radiation as causing an 
explosion in some or the atoms resulting in the emission of 
secondary radiatiimt and suppose that part of the energy of the 
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secondary radiation comes from the liberation of the internal 
energy of the atoms of the absorbing substance. This 15; con- 
sistent with the result recently obtained by Professor Bumst^d, 
that when equal amounts of energy of primary radiation were 
absorbed by lead and zinc, the heat produced in the lead 
greater than that produced in the zinc ; this points to the con- 
clusion that, at any rate in the case of lead, the absorption of 
priMiary Rootgen rays is accompaoied by a change in some of 
the atoms. 
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infiitmce of a very stnma tnagnOic fidd on ike spark 
mdra of pcdladium, rhodium ana ruihimiim. By J. K PUBTIB, 
mJLt St John's CoUegej CSunbridge. 

The author ha^^ previously given an account* of an investiga- 
tion on the influence of a magnetic field on the spark spectra of 
vanadium, platinum and iridium. It is there pointed out that 
there are lines of vanadium which can be grouped together in 
having the same general appearance of the constituents of the 
divided lines, and essentially identical values of dXlX^ for these 
constituents ; and also that there are lines of platinum and iridium 
which can be classified in a simitar manner. 

The following account is to describe the results of similar 
experiments with palladium, rhodium and ruthenium, elements 
which are usually put in the same group in possessing similar 
general physical and chemical properties. The same apparatus 
was u.sed as in the previous expenmenta. The strength of the 
magnetic field was 39,980 units; and only those Tinee were 
measored whose oonstitaents left well marl ^ed imaoes on the 
photographic plate in an eipoanre of 30 minutes. The oolnmn 
X givea the wave length of the undisturbed line ; the distanoes 
of the oonstituents of the divided lines (represented in the 
column dK in the previous paper) are omitted; but the values 
of dk/\* calculated from them are given, a + si^ signifying 
cooflCttuents of greater wave length, and a — sign Uiooe of 
shorter wave length. As betoe, the letter $ means that the 
line vibrates so uiat its electric-vector is perpendicular to the 
lilies of foroe, and p that it is parallel thereto. The remark, 
"the middle constituent removed by calcite" means that the 
constituents were so close, or so intense, or so difiuse that they 
could only be seen separated by cutting out those parallel to 
the lines of force by introducing a calcite prism between the 
sonm of light and the quarts lens. 

* Tmm, Camh, PkiL 8oe. V6i, iz, No, viii, p. ISS. 
VOL. XIII. PT. VL 32 
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An attempt has been made to describe tbe iateDsities of the 
constituents of the divided linea, the lower numbers representing 
lines of greater, and the higher numbers lines of smaller, in- 
tensities, but they should only be read as approximate values. 



Palladium, 



The lines were identified by comparison with the measure- 
ments and descriptious of Exner and Haschek (8iU. d, L Akad. 
Wien, 1896, vol. civ. ii^. abth. p. 950), 

The following lines are divided into four constituents. Their 
ffeneral appearance is not the same and the difierencee are in- 
dicated by the intensity numbexa as well aa tbe values of dkf>?. 
They may be compared with the constituents of the two rhodium 
lines described in p. 332. 




3358-7 



Compare with the quadruplet of Rh. 3502-7. 
p. ^2. Tbe oonstituenU app«ar to be 

ample nmlUplw ot om snotlMr. 



CJompftre with the qimtlniplpt of Rh. Mli l, 
p. 332. The 0OD8taueot8 appear k> be 
equally 



The following lines are divided into triplets. Generally, tbe 
middle constituent is the strongest* hot thia is not always the 
case» and relative differences in intensities are marked by approxi- 
mate numbers. Unless otherwise stated, tbe middle constituent 
vibrates parallel, and the two outside ones perpendicular, to the 
lines of rorce. The distances were meaaured from the centre of 
the middle constituent 
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Tlw t wmpoiiaiti an oqoaUj atrong. 



The 2 ouUide comgon^nU art Hronger than the 



Too mok to mMwan th§ oonstitQMitik 



TlM • oonpoMli uo oqully ilioBf . 



tlM ooailttQmtf on too 



The constitaenta of all them Uoet wen too 
wea^ And diffuM to meatore. 
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ToQ weak to measure. 
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I The middle coDstitQenl removed hf fldeitew 
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Toowe*kandd.0u.etoma«u«. 
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23517 
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The middlo oontUtaent nmovod eikit*. 




-1 63 


4 




22965 




• • • 


Too we&k to me&sore. 



The following lines become doublets, but they have no! tbe 
Aame general appearance. The two ennstitnente of several sf 
tliem are equally strong in both edges; whilst^ of others, the 
inside edges sre sharper and stronger tmui the outside edges, lAUk 
appear to be more diffuse. It is probable that otber constitiieBti 
overlap— but they sie too weak and diffuse to separate distanctlj 
by the calcite. The messursments were taken betweso the 
centres of tbese aggregates. The values of <IX/X* for the con* 
stituents of 8690^8 and 2872*8 appear to be identical with those of 
the strong constituents of the quadruplet from 8460*4 (p. 816> 
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44734 



3832*6 



36da-3 



3382-6 



3301*9 



3251-4 

3059-4 
3032-2 

3002-6 

2980-7 

2372-2 
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+ 1-31 
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-1-31 

+ 104 
0 

-104 



+ 0-72 
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-0-72 

+ 0-65 
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- 0-65 



+ 1-24 
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-1-24 
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+ 1-05 
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-1-05 



3 
3 



2 

2 
3 
3 



4 

4 



3 
3 



The constituents are too weak to measure; 
the outer edges of the oonstituente appear 
to be more diffoBO and weaker than th« 
inaide edges. 

The 2 eonstitnante appear to be aqnaUy strong 
on both sidea. 



I The 2 constituents are very strong and diffuse. 



) 



Compare the qnadmplet of 3460-4 (p. S26). 



Too weak to meaaore. 



Tlie conntituents of U>tli tliese lines are strong 
and diffaae. 



I Too weak to mea^^ui e. 

I 

1 The outside otl^'es of tlie constituents appear 
I to be muic diliu>c tiiau the iu:»ide edges. 

Too weak to meaaore. 



Cotopare with 3690*8 and the qoadmplet from 
8160-4 (p. 826). 



The lines 85711. 2424 5, 2357*7» are oeither divided nor 
widened. 

There are many other lines which are widened or divided, but 
the^ are too weak for analysis. Only those lines are described 
which distinctly affect the photographic plate during an exposure 
of 30 minutes. 
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The linea were identified by com|mri80Q with the measare- 
ments and descriptions of Exner and Haachek {^iU* dL k, Abai 
Wien, 1896, vol. civ. n^. abth. p. 960). 

The following lines are divided into four eoD9titueDt& Their 
geneml appearance is not the same^ as is indicated by the difier- 
ences in the intensity numben» as well as by the values of dklX*. 







In- 
tannly 




3502*7 


+ 2-08 8 
+ 0 95p 
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.0*960 
-208« 
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2 
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Compare with the qiudni|il0l tnm Fd. a40O-4, 

' p. 326. 


3474-7 


+ 2-21 f 
+ 0-82 p 
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- 0-82;? 

- 2-22 8 
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[compare with th« qnadraplitl flron Fi. StSS-T, 
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3461-9 


'fl-02t 
+ 0-S7|i 
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-l*02ff 
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3 
6 




32804 


+ 1-86 s 
+ 0 

0 

- 0-62 p 
-1-85* 


3 
3 

3 

3 


The constituents appiw to be rimpfe mniti^ 
of one AOotiMT. 

1 



The followiog lines are divided into triplet*?. The middle 
constituent is generally the strongest, and relative differences are 
noted by approximate numbers, as well as by different appear- 
ances in the diffuseness. The middle constituent vibrates parallel, 
and the two outside ones perpeudicular, to the Hues of force. The 
distances of the o^itside constituents were measured from tbe 
centre of the middle one. 
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Tbe oonitiloeiito ua diflUM. 
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The ooniliiiieDtB in too waik to meMOie. 
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+ 2-07 
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) The 8 constituents are tnroftd and dUtm lib 
J those from 3615-2. 


3856*7 


+ 1-78 
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-1-76 
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[.The 3 con«^titnentB appear to be alxnoit e^wiij 
J strong. Compare 5658*1. 


3834*1 


+ 1-38 
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-1*37 
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1 The 8 conatitoentt are diflase. 


3828-7 


+ 210 
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] The 3 constitaents an ehafp mA daSlM ¥t 
1 those of 8818*4. 


3822-4 
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jxhe 8 eonetitoeiiUi aic diStaae. 
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3815-2 
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' The 8 ooastituents are very diffuse. 

iliie coQBiuueQts are oroaa ana amu^tj^ 
impinge upon eteb other. Only by 

. ing th< middle coDstituent by calcit£ ^< 
po<^f?ibie to meeeue the sepanttoD. 

\ pare 3b?U -i. 
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^ The middlt MMMtitoant ranoted bj caldto. 

i 


37701 


+ 1-74 
0 

-1*76 


5 
3 
6 




3760-2 


+ 2 04 
0 

- 201 


3 

2 
3 




3754-4 


+ 2-31 
0 

-2*30 


5 
3 
5 




3744*3 


+ 2-00 
0 

-2*03 


6 
4 
6 




3737 5 


+ 2-10 
0 

-2'10 


6 
4 
6 




3735-6 


+ 1-74 

0 

-1*76 


3 

2 
3 




37021 


+ 1-66 
0 

- 1-64 


3 
3 
3 


^ The niddl* eootlitMiit U vwy lU^tlj lUoiiiw 
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1 Compare 3690-9. 
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. The S componenU appear to be aimost equallx 
strong. Compan 8896*7* 
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1 The 8 constituents appmt to be equallj ttmitt. 

j Compare 3668-1. 
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The middle oonetiknent is ooi v a shade stronser 
Umo Om Uro oatatdi». ^ 
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The ooMtitueDts are too we&k and diffaae to 
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The confltitupntfi are weak and widen iato 
■ XX 3638-8, 2()39 3, lines not mRrVed bj BxMl 
1^ axkd Haaobek as belonging to Khodium. 
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Hm middte ooMkiliMiii moved hj vWli. 



Xbe oonsUtuenU are too weak to mewnre. 



1 



Tlw mlddlo oomtHiMnt 



The oonsliftiienUi are too weak to meosoxe. 



The following lines become doablete, but they have not Iht 
tame appearance. The constituents of several of them seem Id 
be eqtialiy sharp on both edm; whilst the inside edges of otiwii 
are sharper and stronger than the outside edgea There an 
probably other oonstituents overlapping, but they are too 
and dimise to measure on separation by the caleite. The measare* 
ments were taken between the centres of these aggreigates. The 
values of for the oonstituents of 3748*5 are comparable with 
those of the strong constituents of the quadruplet of 3280 4; aoid 
those of 28191 with the strong oonstttuents of the quadruplet of 
3461*9. 
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I 



The constittients are very narrow and strong. 
Compare the (quadruplet of 3280-4 (p. 332). 



TIm 9 eoBflitiMiita an vny diffnn. 



Too WNtk lo meMoco. 



I The ronstituentfl appear to be more diffase on 
>■ the outer edges Uian on the inner edges, bnt 
) they m too wiik to onolyM. 



■All too weak and fUfloae to measure. 



Compare the qoadroplot of 3461-9 (p. 388). 



The lines 8612*7, 26351, 2687*6, are not affected when Ttbrat- 
in^in the magnetio field: tiie^ are neither divided nor widened. 

There are many lines which are widened, but they are too 
weak for analjrsis; and only those lines are described which 
distinctly affect the photegraphic plate in the time ezposore of 
tbese ezperimenta 

23—2 
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BuihmUmL 

The lines were identified by comparison with the measure- 
ments and descriptioDB of Exner and Haachek (L k, Akod. 
Wien 189t), vol. cv. iIa- abth. p. 707. 

The following lines are divided into triplets. The middle 
constituent is generally the strongest; and relative ditfercDces 
intensities are marked by approximate numbers as well a> bv 
different appearances in the aiffuseness. The middle const iiueiir 
vibrates parallel, and the two outside ones perpendicular, to the 
lines of force. The distances of the two outside coostitueats were 
measured from the centre of the middle one. 
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The lines 37777 and 3589*4 are neither aepmted nor wideiMd 
when vibrating in the magnetic field. 

There are many other lines widened or divided, but they 
are too weak for analysis. Only those lines are noted which oleiri/ 
affect the photographic plate in 30 mmutes exposure. 
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Qmeral ReiuUi, 

The more important reeiilta to which attentioo may be drawn 
in the preceding obeenratlons of the spectra of palladium, rho- 
dium aod mthenium are as follows: 

(1) If the lines of each separate metal are compared with 
one another, it will be noticed that some of them can be i^rouped 
toj^etiier as having the same general appearance of the con- 
stituents, the same polarisation and essentially identical values 
of dK/\*: and this agreement is well seen amongst the lines 
which become triplets. Amongst the lines which become doublets, 
this comparison cannot be so rigid, because, as already stated, 
there are probably other overlappmg constituents. But they may 
be compared with each other in the same way and also with the 
stronger oonstituenti of the qiiadraplet& 

(2) If the lines of the three metals are compared with one 
another, it will be noticed that there are some which have the 
same appearance, the same intensity, the same polarisation and 
the same value of dXjW The most prominent examples are the 
qiiadrnplets from palladium 3460*4 and rhodium 3502*7, and also 
the quadruplets from palladium 3258*7 and rhodium 3474*7. 
Amongst the lines which become triplets and doublets there are 
some which can be grouped together in a similar way. 

(3) The displacements of the constituents of some of the 
divided lines are simple multiples of one another. Several 
instances are noticeable amongst the quadruplets of palkdium and 
rhodium. And in some instances, the value of dX/X* for the oon- 
stitaents of some Hues is a multiple of the value for the constituents 
of other lines. 

The results of other metals will be published later. 

I have again to thank Professor Liveing for the use of his 
spectroscope, and Professor Larmor for his lut/ereat in the work. 
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EwperifMoU cn ths band-Bpednim of nitrogen in a strong 
magnetic field. By J. E. Purvis, M.A.. St Joho's OoUege, 
Cambridge. 

[Bead 14 May 1906.] 

Experimente have previoosly been recorded by Becqaerel and 
Dealandres {GampUB rendw^ yqL 127» 1898, p. 20) on the band* 
flpectmm of nitrogen when vibratiog in a ma^etic fields and thej 
shewed that there was neither appreciable division nor wideoiDg 
(ni d^oublement ni ^lai^g^iasemeiit apprieiables) of the bands 
when vibrating under the influence of the electro-magnetic field 
utilised by them. The 8trenj(th of tiiis field with a current of 
9-10 amj^res was 20,000 units. 

The author has repeated the experiments when the dischaige 
took place in a field of 41,000 units. The tubes containing toe 
nitrogen were specially made with the capillary parte of 3*5 nun. 
external diameter, so that they could be introduced between the 
poles of a ma^iet 4 mm. apart. With a current of 25 mapkre^ 
a field strei^^ of 41,000 units was obtained between these polea 
The nitrogen was obtained from barium nitride kindly given to 
me by Dr Scott, and was dried and purified before entering the 
tubea The parts of the capillary not within the sphere of in* 
fluence of the magnetic field were screened off, and the light from 
the unscreened pcurt was focussed on the slit of the spectiosoope 
by a single lens. The discharge was obtained by means of a coil 
giving a 6-inch spark and without a jar. In the first experiments 
a plane grating was used of 1 4,438 lines to the inch, and the varioos 
bands in the third and fourth orders of the spectrnm were re- 
spectively focussed on the photographic plate, so that each band 
could be investiVated separately. In the later experiment^?, Pro- 
fesaor Liveing's larc^e 21 -foot concave grating was used, whereby 
the bands could be photographed at the same time on the same 
plate, and the let and part of the 2nd orders observed. The 
second order ranged from about X35O0, so that the bands in the 
ultra-violet could not be photographed m consequence of the glass 
tubas absorbing these vibrations. 

Kye observations were made in the earlier experiments with 
the plane grating, and photographs in the later ones. But tb 
range of the latter is obviously limited in consequence of tbr 
absorptii>n by the glass of the rays of greatest refrangibility. As 
is well known, the colour of the discharge in nitrogen when 
vibrating in a aiagnetic field changes from a buff or pink to 
a bright steely blue colour. At the same time the spectral bands 
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in the red, oraDge and yellow almost disappear, whilst those in 
the green, blue and violet become brighter and stronger, and this 
is especially noticeable in the banda in the blue parts of the 
spectrum. But there did not appear to be any shift of the bands 
either relatively to each other or to their respective previous 
positions. Nor did there appear to be any widening or division 
of the separate lines forming the bands, rarticular attention was 
devoted to the three stroncr lines which form the ** heads" of the 
bands, and which are mu/3i easier to ohsem in eMkseqnenoe of 
their ^;reat intensity as compared with the other lines. Bnt no 
widenmg nor separatton could he seen in any of them. The 
afipavent widening may be explained by the increased intensi^ 
Hcation in the Inminosity of the separate constituents of the 
bands in the green, blue and violet regions, when the disdiaige 
is taking place in the magnetic field. 

These experiments, tnerefore, confirm the previous observa- 
tiona. And whatever be the origin of the vibrations which 
produce the nitrogen bands, they seem to prove that these 
vibrations are different from those produced in the spark spectra 
of elements, whose lines, in a magnetic field of the same strength, 
are not only widened but are separated into several constituents. 
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On A« wnimxiMm of gam ^gpomi nmuUanmulg to BStigm 
ram and ik$ radiaUtm from raiuhaeiim miUkmm, By T. Noda, 
Tokio Higher Norauu Sebool^ Japan. Comnmnicaled by M 
J. J. Thombok. 



[Bmd U H*7 1906.] 

§ 1. The following experiments were undertaken to lee 
whether the ionization due to X-rays and different Beoqaerel 
rays acting simultaneously is equal to the sum of the ioiuMom 
due to the same rays acting separately. 



iWWHIWWitliMli 





The apparatus consisca of an ionization vessel V and a sou- 
gold-leaf electrometer JH, with the connecting wire W het^vn 
them. 
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The ionization ves^l is a vertical brass cylinder 12 cm. in 
diameter and 10 cm. in length. A brass rod 2 mm. thick and 
31 cm. long pas-sea through a sniall hole in the centre of the top 
of the cylinder. It is fixed in the cylinder and insulated from it 
by a plug of sulphur. 

The bottom of the cylinder has a large hole 6 cm. in diameter, 
which is covered with a thin leaf of aluminium. 

The electrometer is furnished with a small adjustable con- 
denser C, consisting of two circular discs 5 cm. in diameter coated 
with sealing-wax. Both the cylinder and the box of the electro- 
meter are earthed, while all the other parts including the connecting 
wire are enclosed in brass tubes which are also earthed, so that 
they are protected from any electrical disturbances. Moreover, the 
oonneciing wire is enclosed in a small glass tube to protect it 
Mftintt taoee raya whidi mav enter the proteeting tubes. The 
<£argiiig and dkcharging of the brass rod are effected by pushing 
a snmll disc D, which can be connected by means of a commntator 
M with the negative pole of a battety or with the earth at will, 
BfKUUt the top of the rod, whose potential is indicated by the 
diveigenoe of the gold-leaf of the electrometer, which is read by 
a microeoope with a micrometer eye-piece. The leakage of the 
apparaftos itself (that is, the ionization vessel, the^ electrometer 
and the connecting wire) when no ionising agent is at work, is 
rery small ; it required about 40 minutes to decrease the divergence 
of the electrometer by one division, so that it can be entirely 
neglected in the following experiments, which treat of the potential 
fidl corresponding to 80 divisions in 1 or 2 minutes. 

5 2. The amount of ionization due to rays is measured by 
the leakage thereby produced from the brajis rod to the wall of the 
cylinder. If the current between the rod and the cylinder wall 
due U) the ionization is always in the .Mtate of saturation, then its 
strength is indepeudent of the potential difference between them, 
and the eh ctrieity which escapes, and therefore the fall of potential 
of the apparatus, is jointly proportional to the intensity of ionization 
and the time required. Consequently if we apply two ionizing 
agents separately and produce the same fall of potential of the 
rod every time, then the strength of ionization of the two agents 
IB inversely proportional to the time required for it. 

In order to see how strong the ionization am be w hile still 
maintaining the state of saturation, I cji.librated the electrometer 
(with the ionization vessel and the connecting wire) with a 
Weston 8 voltmeter. 

The following is the result. 
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Experiment 1. 
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1 1 u 
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20-8 


780 


32-2 


99-0 


47 0 


1160 


600 


1380 
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Therefore the fall of potential corresponding to the decrease of 
divergence from 80 to 47 of the aciUe is e^ual to that correspoDdiog 
to the decrease from 47 to 21*4. 



Experiments 2, 3, 4. 
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A radium specimen was put in the lead tube R and various 
intensities of ionization were obtained by putting a number of 
thin aluminium plates at the bottom of the tube. The time 
required to reduce the divergence from 80 to 47 was compared 
with that required from 47 to 21*4. 

The procedure h as follows : the disc was connected with the 
ballery, puBhed against the top of the diachaiging rod, drawn 
hack a few oentimetrea and earthed, and tihen the tnuamts of the 
gold-leaf aeroas the micrometer scale divisionB 80, 47, and 21*4 
were observed by a stq>-watch. The lesalts aie given on the 
opposite page. 

Aaaaming the constancy of the intensity of the radiation from 
the rsdiam we see that the cuirent was satimted only in the last 
eiqperiment, so that it was neoessaiy to work always with ahont 
that or a smaller intensity of ionisation. In rsalltv I used only 
thooe intensities of ionization which produce the fiul of potential 
from 65 to 45 of the scale in about one minnte or a longer time. 

§ 3. Firstly, I tried the combination of X-rays and uranium- 
rays. As before the radium was put in the lead tube R with a 
proper number of thin aluminium plates at the bottom. An X-ray 
tube was placed below the ionization vessel and enclosed in a 
thick-walled lead box, which has a hole 8 cm. in diameter just 
above the tube. 

The hole is guarded by a lead cylinder through which the 
rays pass from the tube, they also pass through tne aiumiuium 
leaf at the base of the ionization vessel. 

For the purpose of preventing the ray which parsed through 
the ionization vessel from attacking the conducting wire two 
large thick lead plates were placed on the vessel, so that the 
leakage from parts of the apparatus other than that of the dis- 
chaiving rod iu the vessel may be taken as small. 

'R may here be remarked that the complete absence of this 
leakage, though desirable, is not absolutely necessary for these 
experiments, so long as we keep the conditions of ionisation the 
same thtouffhont one set of ezjieriments. 

Since the Tariation of the intensity of X-rays during one set 
of experiments was nnavoidable, the leakage due to X-rays was 
measured before and alter the measurement of the leakage under 
the combined effect of X-rays and radium-rays, and the mean of 
them taken. The rseults are as followa 
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From this table we see that the ionization due to ntftium-rajs 
and X-rays acting simultaDeoualy is equal to the sum of the 
ioniaalione due to their acting flepcunteiy. 

I 4. Secondly, I tried the combination of radium-mja aad 
uranium-iaye. As the source of the latter I made oee of urammii 
oxide. The aluminium leaf at the bottom of the ionisation voipgl 
was taken off and the hole was covered with a shallow circukr 
hfaas dish 7*5 cm. in diameter and 6 mm. in depth containiDg 
uranium oxide, which was pressed against the oottom of the 

F Under by a strong sprin||; When only the radium was acting, 
put instead of this uranium dish another dish of exactly \£t 
same form and sise, but without uranium oxide, so that the 
leakage by the radium took place in exactly the same conditions 
whether it acted singly or conjointly with the uranium oxide. 

Since the radiations from the radium and uranium oxide csii 
be considered as constant during the experiment, I adopted in thii 
case a simpler procedure than m the previous one. The radium 
specimen was put in the lead tube R and the leakage meaaared. 

Next, the uranium oxide dish was substituted for the emp^ 
one and the leakage measured. Then the radium was taken olf 
and the leakage due to the uranium oxide only measured. 
The results are as followa 
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From this table we see that the ionization due to radium and 
iranium oxide acting simultaneously is equal to the sum of the 
onizationa due to them acting separately. 



§ 6. Thirdly, T tned the combination of X-i aya and uranium- 
-ays. Since the experiment could not he conveniently canied out 
□y the old arrangement, a new ionization vessel was constructed. 

The vessel is a very short cylinder 14 cm. in diameter and 
3 cm. in height. 

Its top has a hole at the centre thn)Ugh which a brass rod 
:><tsses into the vessel in the same manner as in the previous 
-ase.s. The lower end of the rod carries a wire net in the form of 
i circle 10 cm. in diameter in a horizontal position. 

The distance of the net from the base of the vessel is about 
I cm. The base itself is not soldered to the vessel, but only 
Dressed against it by means of two brass springs, so that it can be 
i^ken away at will. The central part of the base is marked for 
.he reception of a circular metallic disc 10 cm. in diameter, which 
3 covered with uranium oxide leaving a blank margin. 

In consequence the ionization current due to the uranium 
}iide mainly takes place between the oxide and the wire net 

When only X-rays were acting, I put instead of this disc 
mother diao of eiaotl^ Ihe Bame fbrm and aise, bat wiihoat 
maniam oiiik. The aide well of the TeaNl hea en elmnuiiaai 
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window wide enough to let X-rays from a tube by the aid^ of the 
vessel pass throagE every part of the vessel. 

The prooedttTB of the experiment is the same as in the laii 
experiment It is only to be remarked that atnce the diaohaige 
was greater than in the pvevions eases, owin? to a hirger aovftoe 
of the wire net and of the uraniam oxide usc^, I let the disehaige 
go on thioogh S5 divinons (from 65 to 40) of the mieraiekr 
scale. 

The condition of saturation of the ewrrent was tested and 
found complete. 

The following are the resalt& 
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From this table we see that the ionixation due to uiaoium- 
zays and X-rays acting simultaneously is equal to the som cf 
the ionisations due to tbmr acting sepaiately. 

Thus X-rays and all Beoquerei rays have the same ioniiiiig 
power whether they act separately or simultaneously. 

In conclusion 1 have much pleasure in acknowledging the 
invaluable advice and kindly interest of Pro£ Thomson. 
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On the Meciaureiiient of the Earth- Air Current and on tlie 
Onifin of Atmospheric EUctricity, By C. T. R. WlLfiON, M.A., 



1 1* ordioary fiDe weather there iB, as k well knowB, an electric 
field Dear the earth's 8ur£»oei the direction of the field beiiig down- 
wards; in other words, the sarfiuse of the ground is negatively 
charged. We now know also that the atmospheric air contains 
free ions, which will move nnder the action of the electric lom. 
Unless therefore there are other compensating processes at work, 
there must he a continuoos flow of positive electricity in fine 
weather regions from the atmosphere into the ground. 

In order that we should be able to judge of the sufficiency or 
otherwise of the various theories of atmospheric electricity, a know- 
ledge of the magnitude of this current from the atmosphere into 
the ground is required. For this current is a measure of the rate 
at which the electric field is being destroyed, and therelbre, if the 
field remains undiminished, of the rate of regeneration of the 
electric field that a theory of atmospheric electricity has to 
account for. A knowledge of the eaith-air current at various 
places distributed over the earth's surface under different weather 
conditions and at differ^t tim^ of the day and year is much to 
be detdied, especially if simultaneously measurements could also 
be made of the charge carried down to the earth's surface by pre- 
cipitation. Before however an attempt is made to carry out 
systematically measurements of this kind, it is of importance thf^t 
suitable methods of making such measun^ments should be devised 
and tested. 

The methods at present in usse i'or doducing the value oi the 
earth-air current involve first a niejisurenient oi the potential 
'radient at the time and place of observation, and secondly a 
uieasuremenf. of the leakage from a charged conductor under such 



words, to the strength of the field at its surface. The latter 
measurement, which is equivalent to a measurement of the con- 
ductivity of the atmospheric air, is not an ea«y one to carry out 
satisfactorily. The zerairenungsappanit of Elster and Geitel, with 
whieh the conducting power of the free atmospheric air was first 
proved and it^ variations studied, does not give a reliable measure 
of the true dissipation coefficient, the number of ions per c.c. in the 
fiur under test being lees than in the free atmosphere (except when 
there is unusually efficient ventilation and rapid renewal of the 
air by the wind) owing to recombiuation of the iona and their 
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rtional to the charge — in other 
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removal by the electric field applied. In the improved methods, 
as used for example by Gerdien, the air is dratm through a tube 
with an axial rod, a suffideDtly small difference of potential being 
maintained between the tube and the rod to ennure thft only a 
very small proportion of the total number of ions is removed hy 
the field from the air passing through, so that the diarge acquired 
by the rod is proportional to the potential difference, m there is 
no approach to satntation. 

The present paper contains an account of experiments made to 
test a method suggested in a paper recently read before this Society 
{Froc. Camb, Fhu. Soc. Vol XIIL p. 184). An insulated conductor 
connected to an electrometer is initially at aero potential and 
under a metal cover. The earth connection is broken and the 
cover removed, the conductor being thus exposed to the earth s 
electrical field. The potential of the conducUnr is thus laiaed. but 
is at once brought back to zero by means of a compensator. When 
this adjustment has been made we know that the change removed 
from the electrometer and its connections by the dispmcement of 
the compensator is equal and opposite to that held on the exposed 
part of the conductor when at zero potential by the action of the 
earth's field. When the compensator has once been standardised 
it« reaihngs inccisure the charge on the exposed conductor when 
kept Ml zero potential; this eharge will be the same as if the con- 
ductor were earth connected. If now means of the compensator 
the conductor bu maintained at zero potential fur a few minutes 
and the cover be then replaced, the new reading of the cornpen- 
sator, when again adjusted to bring the electrometer readmg hack 
to its zero, nieasures the charge \v hich has entered the conductor 
from the atmospliere in the given time. 

By this method both the charge on an exposed conductor and 
the current flowing into it from the atmosphere, when it is nnain- 
taiued under thv name conditions as if it were connected to the 
earth, are directly determined. The method has oonaiderabie 
advantages over the more indirect methods. 

We may be said to determine directly the actual charge which 
has passed from the atmosphere in a known time through a con- 
ductor into the earth. Under ideal conditions the conductor would 
take the form ot^ a Hat plate at the level of the earth's surface; we 
should then obtain directly the current per square cm. of a flat 
portion of the earth's surface. In practice it is not convenient to 
proceed in this way, but to measure the current through and 
charge upon a conductor of suit^ible form when kept at zero 
potential, and to assume the ratio of the current to the charge 
(the dissipation coefficient) to be the same for all exposed coo* 
duciors ; then it the potential prradient and hence the charge per 
squaie cm. of the ground be known the earth-au current may be 
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I dedoced. As thus carried oat the method is the nme in principle 
OS tiiat hitherto adnited, the difeenco being in the measorement 
I of the dissiptttion motor, which, aooofding to the method of this 
paper, is obtained br observations on the carrent through a oon- 
ductor exposed onder normal oonditions in the free atmosphere. 
I There is Uie further advantage that if we use the same oonauctor 
I ez|>oeed at the same height and otherwise under similar con- 
ditions in successive experiments, the charge on the conductor 
, will be proportional to the potential gradient ; and when once the 
I appropriate reduction fiictor has been obtained, the potential 
I ^Mient is measured concurrently with the other measuremenis, 
and without the disturbing influences of any of the various forms 
I of collectors. 

To make the method of measuring earth-air currents which is 
here sugg^ted practicable, a portaoie electrometer, suitable for 
measurements in the neighbournood of zero potential and provided 

with a compensator for maintaining the potential at zero, is re- 
quired. Such fin electrometer was described and its application 
to the present purpose suggested in the p;iper already mentioned. 
The main object oi the present paper is to indicate how the 
method has worked in practice. 

The figure (Fig. 1) shows the apparatus which was attached 



Fig. 1. 

tor the purpose of the present measurements to the electrometer 
already dewrihed. Supported on a vertical rod screwed into the 
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terminal of the electrometer is a horiaontal circular bnas " test- 
piate," 5 cms. in diameter. This is surrounded as shown bjr a 
guard ring 15 cms. in external diameter, the upper surfaces of 
test-plate and guard ring being in the same horisontai plane. The 
annular gap between the test-plate and the guard ring was half a 
cm. wide. The guard ring was supported on the top of a hnm 
cylinder 2*5 cms. high and 8*5 cms. in diameter, the base of this 
heinff carried by a tube, about 5 cms. long and 1*5 cms. wide, whick 
fitted on to the yertical tube attached to the top of the electro- 
meter case and surrounding its tenninal. On the guard ring 
could be placed the " cover " of bxass, 4 cma high and 8*5 cms. in 
diameter. 

In making a measurement the electrometer is placed on a 
low tripod stand in an open space, the surfinoe of the test-plate 
being in most cases from 60 to 100 cms. above the groinid. The 
cover is placed on the top, and the system of test-plate, Yerticnl 
supporting rod and gold-leaf earthed by means of the earthmg rod. 
When it is desired to make a measurement the earth conne^ioo 
is broken and the cover removed. The observer with bis eye mX 
the observing microscope will see the gold-leaf deflected from its 
zero position when the cover is removed, and he at once brings it 
back to zero by sliding in the compensator ; this adjustment can 
be made within a very few seconds. The reading of the compen- 
sator, if it has previously been standardised, will give at once the 
charge on the test-plate when exposed tu the earth s tield and kept 
at zero potential. Ry adjusting the compensator as may be re- 
quired the observer now maint^iins the gold-leaf as nearly 
possible at the reading correspondmg to zero potential for a lew 
minutes, and the cover is replaced alter a detinit<^ number of 
minutes have elapsed since its removal The coin pei].^<i tor is now 
drawn out till the gold-leaf again indicates zero potential. If no 
current had entered the test-plate from the atmosphere the rom 
pensator would have had to be drawn right out to itvs initial 
position ; the actual compensator reading when the zero p<:>tentiaJ 
is indicated by the gold-leaf enables* tne charge gamed by the 
plate in the given time to be deduced. The test-plate is i^l^ain 
earthed, the compensator drawn out to itb standard {>< >sition, the 
earth connection broken, the cover removed and the charge (in th« 
px|)osed test-plate when brought to zero potential again measured, 
under ordinary ronditiuuis the tnean charge on the t^st-plate 
during the expu&ure may be taken as the mean of the result* 
of the initial and Hnal observations, which will of cour>v L«r 
identical if the potential gradient has not meanwhile aht:rtd 
Any rapid or irregular changes in the potential gradient during 
the exposure will be detected through the movements which haft 
to be given to the cumpensMktor to keep the potential at xero. 
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We have obftaiBed by theie obeervaliona: 

1. The cham od our test-plate when earth connected and 

exposed to the earth's electric field. This is directly 
proportional to the potential gradient, and if we 
always fix the instroment at the same height above 
the gioond we miiy detetmtne once fi>r all the £Mtor 
bv whkh to obtain the potential gradient horn the 
charge on the test-plate. This metnod of measuring 
the potential gradient has the advantage of being 
practically instantaneous and of not requiring the use 
of any flame, ladio-activa substance, water drsfipw or 
other collector. 

2. The charge which has passed from the atmosphere into 

the test-plate in a definite number of minutes when 
the test-plate is kept at the same potential as if 

earth connected. 
& The ratio of the charge passing per minute into the 
test-plate firom the atmosphere (obtained from 2) to 
the charge on the test-plate (I) both measured by 
the compensator may be taken as giving the dissipa- 
tion constant under conditions of exposure identical 
with those to which natural earth-connected bodies 
are exposed. 

It is only for a few seconds at the be^nning and end of the 
measurement, in tiie interval between taking off or puttinjp on the 
cover and bringing back the gold-leaf to its zero position by 
the compensator, that the potential of the test-plate and the 
connected system differs by more than a very small fraction of 
a Tolt from the potential when earth connected. The danger of 
error due to faulty insulation of the test- plate is therefore very 
small. The insulation can however be readily tested by putting 
on the cover and charging the test-plate nystem to any desired 
potential by means of the compensator; the insulation was always 
found to be high when thus tested. A failure of the msulatioti of 
the qiiartz Leyden jar supporting the inner case of the electro- 
meter wnuld be moie serious; it w;us found however to remain 
pra^^^tically perfect, the change of ^eru only amounting to a small 
fraction of a volt in 24 hours, and the system not requiring to 
have its charge replenished for some inouths when once charged. 

There remains to be considered the working of the compens itor. 
This consists of a brass tube, kept at a constant negative potential 
by being connected to a quartz Leyden jar, and forming with an 
inner concentric rod attached to the terminal of the gold-leaf an 
air condenser of variable capacity. The adjustment always being 
made in such a way as t-o bung the gold-leaf to zero potential, 
the charge held on the rod waB proportional to the potential of the 
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oater tnbc and to the cafMurity of the air wmdwwwr ibr • ^ven 
position of the compensator. Whan the oompeoMtor wm m ili 
standard position, %.e. fully drawn out, the condense tube was tkm 
some diBtanoe beyond the end of the rod, so that the pot entud of the 
tube might be varied laigely without that of the rod being sensibly 
atfeoted. With the oompensator in its standard position there is 
thus no danger of an i^^rent gain of charse hj the teet-plate, 
merely due to defective inBolation of the Leyden jar mnjbkg the 
oompensator tube. 

Let us suppose the operations desciibed above for the measure- 
ment of the cnarge on and current through the test-plate to be 
performed. When the cover has been removed and the compen- 
sator has been moved to bring the potential back to zero, the 
condition of all parts of the system which includes the gold-leaf 
test-plate and connecting rod will be the same as initially, except 
that there is a charge on t[ie upper ^surface of the tesi-plato pro- 
portional t4) the potential gradient and an ^ual and opposite 
charge on the rtxi of the compensator, the total charge on the 
system remaining the same. The charge on the oompensator rod 
can be deduced from the scale reading when the standardismg 
measurements described below have been made. To maintain the 
gold-leaf at zero potential the compensator may have to be moved 
owing to either or both of two causes: (1) the potential gradient 
may change, and (2) electricity may flow from the air into the 
test-plate. An increase in the field (it is assumed to be of normal 
sign) will increase the negative charge on the surface of the test- 
plate, this rei^uiriug the compensator to be pushed further in till 
there is a further equal increase in th(! positive cliarge on the com- 
pensator rod. Under the action of the held, again, positive ions 
are likely to move up to the test-plate, and the positive charge 
entering the conductinc^ system is prevented from raising the 
potential by c^in pushing in the compensator to increase by 
the corresponding amount the capacity of the sliding ooadenaer, 
80 that the whole iDoraoac of ohnge » held on the compen —to r 
rod. On patting on the cover the negative ehaige ia no Ioqm 
held on the upper aorboe of the teet-pkte^ ana to biing lie 
potential of the syatem back to leio the oompenaalor haa to be 
drawn out till its capacity ia anoh that the poattive ohane on the 
comnenaator rod when the potential la aero la eooal to that wliidi 
haa teen gained by the ayatem from the atmoapnere. This ohaiga 
can then he determined nom the poaition of the oompeoMitor. 

We hafe to oonader the queation to whnt eitent any friluve of 
the inanlation of the oompenrator may introdnoe enor into the 
reaolta. The charge measured ia» for a given mading of the ooei- 
pensator, proportional to the potential m the compensator tube or 
of the inner coat of the Leyden jar to which it ia nttaohed. ▲ 
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change in the potential of the compensator tuhe, if not allowed 
for, would under the conditions of the experiments introduce a 
corresponding error into the measurement of both the charge on 
the test-plate and the current into it. It is however easy to test 
the constancy of the compensator constant froui time to time by 
measuring the displacement required to cause a given change 
of potential of the gold-leaf system, the cover being on so that 
the gold-lejif system may have a definite capacity, in the instru- 
ment actually used there was rarely any sensible change during a 
series of observations. 

To standardise the compensator the following method was 
used. A circular brass plate (Fig. 2), " the condenser plate," of 
the same diameter as the guard ring surrounding the test-plate, 
was supported by means of three insulating feet on the guard ring. 
The distance of the condenser plate finom the guard ring and test- 
plate was 1*28 cms. The condenser plate could at will be earthed 




\ 

Fig. 2. 

or connected to the positive terminal of a battery of one or more 
secondary cells of which the other terminal was connected to the 
electrometer stand. The compensator was first drawn out to its 
full extent, the test-plate and condenser plate both being earthed. 
The earth oonnections to both plates were now broken, and the 
condenser plale was brought to a definite potential by means of 
the cellsL This raised tM potential of the test^plate, cansli^ a 
oomsponding displacement of the gold-leaf. The compensator 
was then puiuied in sufficiently to bring the potential of the test- 
pliafte as indicated by the gold-leaf back to zero. We now have 
the test-plate at the same potential, sero, as the guaid tmu the 
condenser plate above it being also at a known potential V\ we 
can thns leadily calculate the chaige on the test-pkte. An equal 
and oiqposite cham has been removed from the sjrstem by the 
dis^aoement of the compensator. By repeating this process for 
vanous valnes of the potential of the oonaenser plate the cham 
held on the compensator rod corresponding to anv position of the 
compensator can be determined^ and thus a calibration curve for 
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the oompenntor readings constnioiecL It is not however neoeanry 
to have available a whole series of oeUa^ the whole csHfamftioo nuj 
In fact be made with a sii^e cell by slightly modifyiDff the 
method. The compensator nading corresponding to a cSaigs 
e(|ual to that induced on the test-pkte bj a single cell is deto^ 
mmed as before. The compensator however, instead of beiL^ 
drawn back after this observation to its standard positioo, is kft 
untouched ; the teat-plate and condenser plate are ewthed and the 
operation described above repeated, the only difference being that 
the displacement of the compensator is from the point wlien it 
was left at the end of the previous detennination. This prooes 11 
repeated till the whole scale of the compensator has been traversed; 
at each displacement of the compensator an additional chaige is 
drawn into the compensator rod equal to that induced on the tast* 
plate when it is at zero potential and the condenser plate is con- 
nected to the positive terminal of the cell A combination of l^e 
two methods was in practice found convenient, the first method 
being used till six cells had been inserted, and the second method 
with steps of six cells at a time being used for the rest of the 
calibration. 

For a given compensator reading the charge held on the 

compensator rod (wlien kept at zero potential) is proportional 

to the potential of the compensator tube. The form of the 
calibration curv'e is thus the same whatever the potential of 
the compensator tube. When once a calibration curve has tieen 
constructed for one value of the potential of the competisator tube 
(chosen for its conveiuence in giving a suitable number of points 
on the curve with the cells available) we may adjust the charge of 
the Leyden jar attached to the compensator to suit the magnitude 
of the charge it is desired to measure. The ordinates of the aaii- 
bration will merely have to be multiplied by a different factor, 
which can readily be found by comparing the displacements of the 
compensator required to raise the potential of the gold-leaf system 
by a definite amount as indicated by the displacement of the gold- 
leaf ; the measurement 10 each case being made with the onimar} 
cover over the test-plate so that the capacity of the system maj 
be the same. 

The calibration curve for deducing from the compensator 
reading the charge which it was desired to measure was of the 
form shown in Fig. 3, which represents the results of ohservatutLis 
made on April 20. The unit of chaige of the table and curve is 
that held on the upper surfiice of the test-plate kept at zero 
potential when the condenser plate is at a potential of 2 volt& 
The resding 80*2 is that of the compensator when drawn fulW 
out, the readinff when it is pushed in against the stojps htkog Ol Ix 
will be noticed that the dispUusement oonresponding to a given 
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icrease of charge diminishes rapidly at fli-st as the compensator 
< pushed in, but becomes constant before the total displacement 
as reached 10 mm. and remains uniform over the remaining 
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mm. of the Boaki Tlie fint di otMemtiont* were mtde 
the fint method deeoribed above* the rest by the second meAoL 
The oomjpensaftor was grtduated in nm» and the tenths of a n. 
were estunated. 



1 

Cliaist 


Compenafttor 






A 

V 








1 


261 


30 


135 


2 


24*6 


t 36 


11-4 


3 


23-8 


■' 42 


9-3 


4 


23-2 


48 


7-2 




22-7 


54 


50 


e 


22-2 


60 


2-9 


0 


80*3 


66 


0-8 


6 


22-2 


0 


30-2 


12 


20-0 


6 


88*8 


18 


17-9 


1 


86*1 



The chaiige on the test-plate when at sero potential and silt 
the oondenaer pkte at a potential of two volte, the unit of chiip 
in the above table, is given solBeiently nearly by 

where r,, are the radii of the test-plate and the apertcr? 
surrounding it, V is the potential difference between the pUu^ 
in electrostatic measure and d iB their distance apart. InsertiDg 
the actual values r, = 2o, r, = 3, r= 2/300, d = 1*28, we obtoic 
Q = 0'99x 10^^ electrostatic unit. We have thus the data f'^- 
measuring the charge held on the compensator rod, kept at ms^ 
potential, for any given oompensator reading, ve, so long as th£ 
potential of the compensator tube remained the same. If this 
potential were altered the factor by which the ordinates of tb« 
calibration curve had to be multiplied to _give the char^ in 
electrostatic units would also be different The p<3t^ntial of the 
compensator tube in the observations of the above table was such 
that with the ordinary cover over the test-plate the compeosaUi 
had to be drawn out thn mgh 6*3 divisions to cause a movement of 
the gold-leaf through 30 scale divisions, the compensator being 
pushed iu nearly to its full extent before the displacement. Thu? 
the same condition of the compensator could be recovered M 

* Iq the coTTe some additional pointe have been 
obMnrationt mad* wiOi the aid of a poteatiomatar. 
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Ume by luitably ehaiging the Leydea jar attached to the oompen* 
■aknr, or the new reduction factor to be applied to the calibration 
curve could be deternuned by an observation like that just 
doooribed. Thus for example after the above cah'bration was 
performed the compensator potential was diminished so that to 
ctttse. under the standiurd conditions, a deflection of the gold-leaf 
amounting to 5 scale divisions the compensator, originally fully in, 
had to be drawn out through 9*8 mm. The reduction constant 

9*8 6*3 

would thus be increased in the ratio -i-'5S"~^ *^' ^ direct 

O oU 

determination of the comnensator readiiun corresponding to known 
charges gave the results snown in the fculowing table, the chaigea 
being given in the same units as in the preceding table. 



diafge 


Compensator 
ntding 


6 


4*3 


1 


20-9 


6 


4-3 


1 


20-9 


6 


4-4 


1 


20-9 


2 


17-6 



To a reading 4*3 now ja;iven by a charge of 6 arbitrary 
unite a charge of 5() units woiiid before have been required, the 
ratio being 5G/6 = 9"3, in agreement with that just obtained 
indirectly. For the compensator readings 17 '6 and 2U"9 the ratios 
are 9*4 and 9 '5 respectively. 

The sensitiveness of the electrometer was 6 0 eye-piece scale 
divisions per volt. The microscope was turned so that the rulings 
on the scale were parallel Uj the edge of the gold-leaf ; under these 
conditions when a straight portion of the edge of the gold-leaf 
Was used the coincidence of the edge of the golLi-leaf with a line 
on the scale could be observed with great exactness; a departure 
from coincidence amounting to a small fraction of a scale division, 
certainly leas than a twentieth, could readily be observed. 

The capacity of the system which included the test-plate and 
gold4eaf was easily determined. For this purpose the condenser 
plsAe was placed on the ffuard ring as in stanoaidising the coni* 
pensator, and was nised to a known potential by means of a 
number of oells» the gold-leaf system being meanwhile earthed. 
The earth connection was then broken* the condenser plate 

VOL. XIIL FT. VI. 25 
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removed and the cover put on in its place. The potential of 
the systetn c^n then be obtained from the gold-leaf reading, while 
the charge is known» anoe it is that which wee held on the upper 
surface of the test-plate when at the aeme potential as tiie gaard 
ring (ve. zero), and with the cx>nden8er plate at a known potential 
above it. The capacity of the test-plate and gold-leaf ajatem 
with the ordinaiy cover on and with the compensator drawn ont 
was about 9*5 cms.; with the compensator in it was about 10 per 
cent greater. A knowledge of the capacity of the system was not 
required in the measurements of potential gradient or earth-air 
currents. It is given for the purpose of indicating the order of 
magnitude of the smallest ohai]^ measurable with the instrument 
The compensator could be a^usted to ^ve coincidence between 
the edffd of the gold-leaf and a scale division to within 1/20 of s 
scale aivisioii, ».s. to within 1/120 of a volt, corresponding to s 
quantity less than 1/120 x 1/300 x 9 5 » about 1/3000 E.U. 

Most of the measurements of the charge upon and current 
through the test-plate when kept at zero potential have been 
carried out on the top of Hamildon Hill, near Peebles in Scotland. 
The hill is 1210 feet (370 metres) high, and has a flattened top. 
The electrometer stood upon a metal tripod adjusted to such a 
height that the test-plate w,<us either 00 cms., 90 cms., or 130 cmi^. 
above the muiiid. 1 have not attempted to determine the factor 
by which tlie charge cm the test-plate must be multiplied to give 
the undisturbed potential gradient or the charge per square cm. of 
the ground. The order of operations generally adopted was a? 
follows. When the apparatus had been set up the compeTi^ator 
constant (the factor by which the ordinates of the calibration 
curve had to be multiplied to obtain the corresponding ehar<^e in 
electrostatic units) wa8 hrst deterniined by finaing the displace- 
ment of the compensatror required to cause a movement ut the 
gold-leaf through a dctinite number of scale divisions as descnlkd 
above. The test-piate system was then earthed by means of the 
eartliing key and the electrometer zero observed; it was adjusted 
by a suitable displacement of the microscope so that the straight 
edge of the gold-leaf coincided exactly with one of the soJe 
divisions of the eye-piece scale. The earth connection was then 
bi '>keu, and at a dctinit*^ time the cover was removed and the com- 
pensator at once moved lu bring the potential back to zero. The 
compensator re^uling was then read, this giving the chai'ge on the 
plate. The compeiisatur was moved as nugliC be required to keep 
the potential at zero, and when a definite number of minut-es, 
generally from two to five, had elapsed since its removal, the 
cover was replaced and the comj)ensator drawn out to bring the 
potential back tro zero, its reading then giving the charge gained 
by the plate in the known time. The 5y:>tem wa.b then earliicd to 
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test the zero again. Finally the coiiiponsator was drawn out, the 
earth connection broken, and the first operation of finding the 
charge on tha exposed teat- plate at zero potential repeated, so 
that any change of the potential gradient might be detected. 
Generally the change in the potential gradient between the two 
measurements of charge was small, and the mean was taken as 
the charge for the time during which the cunrnt \va.s meiusured, 
and this value was used in deducing the dissipation factor. A 
second measurement of charge and current could now be made as 
soon as might be desired. The testing of the compen.siitor constant 
did not require as a rule to be made again except at the end of 
the whole series of observations ; it generally showed no appreciable 
change in a few hours. 

Tne results of the hill-top measurements are given in the table 
; OD page 376. 

Tne time is thaA et whieh the cover was removed at the 
hcgmning of an oheerva^iu It was fepboed from two to five 
k minates later. 

The ehaige and the leak are those of the test-plate, and are 
given in electrostatic units ; I have not attempted to deduce the 
coneqponding charge and current per square cm. of the ground 
The last column, giving the ratio of the leak per minute to the 
I fituatf^, may be taken as the dissipation factor measured under 
conditions very like those holding at the surfiuie of the ground. 
The observations were taken under very varied conditions. The 
smalleet dissipation, of the order of one per cent, per minute, was 
observed on April 10th on a cloudless day with a somewhat thick 
haie. Values equal to or approaching 10 per cent, per minute 
were not unfrequent. Fairly high values exceeding !^ per cent, 
weie obtained on the only occasion when such measurements were 
attempted at night (April 8th, between 11 p.m. and midziight). 
The night was perfectly clear and calm ; the observations were 
made without tne use of any artiiicial light which might have 
influenced the leakage; they were cani^ out entirely by the 
light of the full moon. 

The mean value of the dissipation fiustor from these observations 
is 5*6 per cent, per minute. 

Objections might with some justification be raised that the 
dissipation constant as deduced by the present or other methods 
can nardly be applied with confidence to the calculation of the 
actual earth-air current, the materials covering the earth's surface 
being very different from the metal test-plate. 

The matter is very readily tested with the apparatus which 
has been described. For any conducting body may be placed on 
the test-plate, and the charge upon it and current through it, 
when exposed to the earth's electric field and kept at zero 
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Calm, bright sunshine, mist 
in valleys 

Wind strong from W., cover- 
ed with low stratus 

Sun hidden throughout obser- 
vations, clear sky in places, 
wind N.W. 

Clear, strong wind from W. 

Calm, mist cleared from top 
just before observations 
began 

- Calm, cloudlesB 

Sun shining all the time, 
nearly cloudless, haze 

Slight breeze from E., sky 
nearly covered with cunm- 
luH clouds, sun hidden most 
of thf? time 


Leak per minute 
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potential, me^vsured exactly aa before. For the measurements 
of charges being all made in terms of the compensator readings, 
they are independent of the capacity of the rest of the system. 

The test-plate may for example be covered with turf and the 
dissipation factor determined for this. Measurements of this kind 
were made on the hill-top on April 17th, observations with and 
without the turf being taken alternately. The tebt-plate waa 
about 60 cms. above the ground. 



i 

! 



With turf 
Without tttrf 

With turf 
Without turf 



The charge with the turf on was oonriderebly greator than 
without it| owing to the &ct that it projected conrnderably above 
the level of the guard plate ; the eurrent vn» however inercBBod in 
approximately the same latio^ so that the dissipation fiictor is not 
sensibly altefed. 

I liave also made measurements by the same method of the 
c^iaise upon and current through a growing plant exposed 
to the earth's field and kept at sero potential. To maxe a 
measurement of this kind the plant growing in a flower-pot is 
placed on the test-plate, and a metal cover large enough to admit 
of being removed ud replaced without danger of contact with the 
plant was put over it, resting on the guard plate. The measure- 
ments were then made as before. The plant which I used to test 
this application of the method to such measurements was a young 
wall-Duwer, 14 cms. high and 8 cma across .at the widest part, the 
whole height with the pot being about 20 cms. ; the cover was 
cyliodnoaC 22 cms. high and 12*5 cms. in diameter. The measure- 
ments were made in a garden, in which the electric field was verjr 
moch weakened by the shielding action of buildings, trees and 
talesnqph wires. The charge on the plant was about 20 times that 
€m toe test-plate, as found on making alternate exposures with and 
without the plant on the test-plate, reaching even in the weak 
electric field of the garden to as much as one el^troetatic unit. 
The observations did not show any evidence that the dissipatioa 
fiMStor was different for the plant and test-plate, but a large series 
of comparisons would be required to test to what extent, if at 
all« it differsL The experiments tried however were suffiment 
to prove the piacticabiuty of the method. 



Time 



3.44 

3.50 
3.56 
4.3 



Cbarge 



11*8 
3-7 

15-3 
4*4 



Leak 
per miaula 



1-05 
•33 

1*35 
•35 



89 

8-9 

8-9 
79 
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It is pooible to test by a slight modificatioii of the conditiooi 
of the experimentB just described a whole class of theories of ihe 
origin of atmospheric electricity; those namely which 8U|mote 
the electric field in fine weather regions to be maintainea nr 
regenerated by the action of the air on earth-connected bodim 
in these regions. Such theories would imply that air in passii^ 
over the earth's sar&ce becomes positively chained by fnctioa. If 
a diflference in the mobilities of the positive and negative ions» or 
otherwise. Let the usual observations of the charoe on the tem- 
plate, or on a plant or other body placed upon it, whuc the potentisi 
18 kept at zero, and of the chais[c gained by the tiystem under 
these conditions in a given time, be made under the shelter of a 
tree. Under these conditions the electric field and the charge on 
the body under test will almost vanish, so that there is nothing to 
prevent the negative electrification of the body, which aoooraiog 
to such thecnies would result 

Experiments of this kind have been tried both with the 
ordinary brass test-plate and with a plant In no case was there 
any evidence of any tendency for a negmtive chaige to be acquired, 
the current remaining in the normal cUrection even in exoeediagiy 
weak fields. 

NOTfi ON TU£ OBIGIN OF AtM0SPU£R1C ElGCTKXCHT. 

I take this opportunity of modifying an opinion expressed in an 
article in Nature (June, 1903), in which I discussed some posdUe 
sources of atmospheric electricity. I there spoke of the difficulty 
which the recently discovered conducting power of the air intro> 
duced into the theories which explain the fine weather electric 
field by the action of precipitation in wet weather regions^ 
Assuming the electrical current, which according to this view mutt 
travel in the atmosphere from wet weather to tine weather regioos. 
to be entirely one of convection, the positive charge being canied 
along by upper air currents, I pointed out that the greater pari of 
the positive charge of the air would have disappeared fay condn^ 
tioD to the earth before the air had travelled any conaiderable 
distance. Thus it would be impossible to explain the existence cf 
an electric field at great distances from areas of precipitatioii. I 
therefore suggested that we roiffht be driven to look to a 
source for the maintenance of tne earth's chaige, €.g, to iMf^^ve^ 
charged particles of great penetrating power travemng our 
atmosphere and being absorbed by the earth. 

The possibility of the current from the wet regions to the 
regions of fine weather being, like the vertical electnc current at 
the Burface, not due to convection but to conduction, \.e. to move- 
TTiPTit of the free ions under the intluence of an electric field, was 
there ignored. For this I now think there is no justificatioiL 
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It may be desirable in the first place to make more clear the 
aigument against the sofficiency of the condensation theory when 
conduction in the upper atmosphere is ignored. 

Let lis assume the total positive charge in the atmosphere over 
an area at a distance from the disturbed r^on where precipitation 
in goinc; on to be equal in amount to the native charge on the 
grouna in that area. Let us suppose also that the rate of dissipa- 
tion oi the chaige on the earth's suriaoe is one per cent, per minute, 
a somewhat low estimate. Then this is also the positive chaige 
lost per minute by the air overlying this area. Thus the total 
charge in the atmosphere overlying each square metre of the 
ground, and therefore also the corresponding chaige on the ground^ 
will diminish with increasing distance from the disturbed region 
at a rate which will be greater the smaller the horizontid convec- 
tion current It would be impossible to explain the strong electric 
fields which may persist in calm weather at great distance from 
any disturbed regions; for even if the air took only an hour to 
travel from the region of precipitation it would have lost about 
half of its charge. In the calm regions the lower layers, which 
carrjr nearly the whole positive charge, have a negligible horizontal 
motion. A quite impossible velocity would have then to be 
assigned to the upper layers (which carry only a very small 
fraction of the total charge) if the convection current carried by 
them is to make good the loss of the lower layers in each region 
over which they pass. 

The only way in whi< h the eondensatinn fhrM>rv can be made 
to explain the mainteiinnec of the electrical heid in tine weather 
arenas at distanrt- from the regions where precipitation is going on, 
i« to snppu.se that the current in the atmosphere from the wet to 
the dry regions is one of fonduction in the upper atmosphere. 
The qui'stion to be considere 1 i^, then, what grounds have we for 
.supposing that the upper atmosphere has sufhcient conducting 
nowor ? 

At a height of about 18 kiioiaeLres the pressure will only be 
about one-tenth of that near the ground; at twice this height it 
will only be about one-hundredth of an atmosphere. Over this 
i-aiige of pressures the mobiiity of the ions is inversely proportional 
lo the pressure. Over the same range the coefficient of recornbi- 
imtion, a, is approximately proportional to the pressure (Langevin, 
C, R. 137, p. 177, 190'S). Let us suppose that the atmosphere 
at (iifierent heights is exposed to ionising radiation of the same 
intensity*; the rate ul production of ions per c.c, q, will be 
proportional to the pressure. When a steady state is reached 

7 ^ dm* or a ""^^/^ * a beiog the uumber of ions of each sign per 
Now according to the assumptions made both q and a are 
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proportional to the pressure; thus the number of luns pt^r cc. is 
the same at all heights. The conductivity which is proportional 
to the mobility and to the number of ions will thus oe mvenely 
proportional to the pressure. At 18 kilometres it will be 10 times 
and at 36 kilometres 100 times the conductivity near the ^paand 
The conductivity near the ground is moreover mach dimmialied 
by the presence of dost jpartideB to which the ions attadi tlMm- 
selves, the average life of the firee ion being very much leas tlm 
would be deduced from tihe ofdinaty reoombinaftioii oonetMBit 
The conduction of the higher lajen may thus be Teiy much 
greater than the above estimate. At greater heists tliaii thoie 
considered the conductivity might be expected to incrcoao at fint 
at an even mwe rapid rate than would be given by the above law, 
as the size of the ions is less at these low pressures. It is of ooone 
a somewhat arbitrary assumption which lias been made, im, that 
the atmosphere is exposed at all levels to ionising ndiation of the 
same intensity ; but it is likely that the uppermost layers are ci- 
poeed to the action of various ionising rsoiatiotts at the least as 
mtense as thoso to which the lower layers are exposed. (As 
poiritc d out by Nordmann (C. R 186, p. 1480, 1903). the diminutioo 
of the recombiDation constant with mcreasin^ height is of great 
importance in another way, for at great heights the ionisatioii 
would take some hours to die away after the ionising radiation, 
sunlight, had been cut off.) There may thus be above the lower 
layers a great thickness of air having a conductivity enormoosly 
greater than that of the lower atmosphere. The total vaiiatioiiB 
of potential throughout this upper atmosphere even over grert 
distances in a lateral direction may be comparatively small. Since 
the potential gradient in fine weather regions Is ot the order of 
100 volts per metre near the ground aud (iies aw-ty in the course 
of a few thousand mctrns above the ground, the potential of the 
upper atmosphere in tiii' h re^[^i<>tis is of the order of 100,000 volts; 
a very small lateral pol* iiLial gradient in the conducting layers 
may be sufficient tn maintain the necess^iry current. According 
to the condensation theory showers oJ the appropriate kind act as 
the batteries or dyTiamos by which the atiiio>pheric electrical 
current is niiiintained \V* may suppose that by the falling 
to the ground nf a prepoiulcrance of negatively electrified raiD 
tht^re is maintained ni the ayceiidiiig air abovL' th<' shower a very 
high positive potential. We kuuvv, Irom the strength iif ihf* fi»^M 
developed in the immediate neighbourhood of the shower and iroiu 
the production of lightning in extreme cases, that the differences 
of potential developed may be very high, probably many millions 
of volts between a innm above the shower and the ground. If we 
suppose that owiug to the conductivity of the upper layers the 
potential differences within the^e layers remain smaU, we shall alsa 
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have a potential fiill in rising trom the point considered into the 
oondading upper layers only a few hundred thousand volts less 
than in tnrveUmg mat the |xmit to the earth. There vrill thiM he 
a flow of positive electricity into the upper atmosphere, helpinff to 
maintain its positive potential. Traveliinff with the cunent from 
the Sonne we should nave a very lai^ fiul of potential in rising 
to the conducting layers, a comparatively small fitll in travelling 
laterally in the conducting layers, and a fall of a few handled 
thousand volts in passing through the lowest few thousand metres 
to the ground. 

It is a matter of fundamental importance to determine whether 
the negative charge carried down by rain is sulBcient to counter- 
balance the conduction current from the atmosphere to the earth's 

surface over the whole world. We are of course a very long way 
from the solution of this question; according to Qerdien* however, 
to whom with Elster and Geitel what knowledge we possess as to 
the electrical charges brought down by precipitation is mainly due, 
there is at least agreement in the order of magnitude of the 
quantities. 

The variations of the potential gradient near the ground, e.g. 
the daily variations, are mainly to be attributed to variations in 
the conductivity of the different parts of the atmosphere. The 
increase in the potential gradient due to fog or hue near the 

f round has long been known, and the explanation was given by 
Hstpr and Geitel in one of the first papers in which our knowledge 
of the pxistencr uf free ions in the atmosphere was applied to the 
oxplaiiatioti of the phenomena uf atirrospheric electricity. It has 
been ]><niited out by (). W. Richardson {Nature, April 20, 1900) 
that an increase in the coT}duoti\ ity at a height ought, accurding 
to the view that I have been supporting here, to cau.se also an 
increase in the potential t^nidient at the gronn'l For an inciease 
in the conductivity ahovr will increase the current t> ;u hiiig tlie 
surface of the earth, and if the conductivity of the low* j layers is 
unaltered the potential gradient in the lower layers must be pro- 
portionately increased when a steady condition is established. A 
change of conductivity of th(^ low* st layers extending to only a few 
metres above the ground will not alter to any considerable extent 
the e^irth-air current in that region, and the potential gradient 
when a steady condition is reached wiil be in this case inversely 
prop<->rtional to the conductivity. 

Experiments have recently been described by Campbell and 
WcKxl showing a daily vaiiation of the iunisation within a closed 
vessel resembling that of the atmospheric potential gradient, 
showing for example an early morning minimum. Dr Richardson 
has pointed out that if these results are interpreted as indicating 

* Gerdien, JPhysikalUche Ztittchr, Jftbig. vi. 1905. 
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the exietenoe of penetrating radiations reachinff the earth's surface 
from coemical sources, the coexistence of low values of the radiation 
vrith low valnea of potential grsdieDt is what m^ht be expected, 
as the upper layers would be exposed to more intense imdiation 
than the lower (for we must sappoee that there is oonsidenaUe 
absorption in traveimng the atmosphere); the variation in 
ionisation would thus be greater above than below, and the 
potential gradient and radiation would thus vary togeth^. 

If the existence of a penetrating radiation from coemical 
sources were established it would be of the greatest importance 
in connection with atmospheric electricity. For it won Id n^^. 
the question as to whether the negative charge of the earth might 
not be siipplird hy these rays. At present I think it is much 
more likely that precipitation will prove to be a sufiicieot source. 
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A suggestion as to tlie naUti*s uf tlis Homy Teeth of the 
Sfarsipobranchii By H. \V. Marbtt TiMS, M.A. [Camb.], M.D, 
[Edin.], Kiogb Coliege, Cambridge. 

[Jiee^ived 30 ApHl 1906.] 

The morphology of the teetli of the Marsipobranchii has more 
than a passing iiilciestp niicc it is iiittmately bound up with the 
question of the phylogeny of the giH>up. 

The view that the Cyclo»tome8 are degenerate gnathoetomatous 

vertebrates, degeneiHte as the result of parasitism, is supported 
by all the authority of Huxley, Dohm, Howes, Beard and othen* 
The oppodte conclusion, that they are primitive vertebrates in 
which tmc jaws have nut bet u developed, has been advocated by 
Balfour, Gegenbaur, Haeckel, and more recently by Ayrea. 
Further, while Huxley regarded tlie Petromyzontidae as the most 
primitive of the Cyclostomes, Parker, Board and others would 
place the Hags in that position. 

Howes [2] has pointed out that whether or not the Cyclostonies 
are to be looked uj>on a.s gnathostomatuus depends upon tho in- 
terpretation placed upon the term, since it is used indiHerently 
to *• express either the mere possession of jaws, apart from any 
consideration of teeth or [more generally] that of a dentigerous 
apparatus." 

The disp<^)sition and gross anatomy of the teeth have been 
described by J. Miiller, W. K. Parker and others, luit Beard was 
the first to investigate their histological charHcters [1]. Since 
the publication of his |ia{)er others have appeared by Behrund, 
Ayres and Warren, which, while agreeing ni the main with 
Beard's results, differ in seveml important details. 

While worknig recently at the morphology and development 
of the scales of the Teleostei my attention was directed to the 
subject of the teeth of the Cyclostomes, and it appeai-s to me that 
the results of those investigations throw some lighL upon the 
nature and evolution of the cyclostome teeth, aad to some extent 
harmonise the apparent discrepancies. 

If one exammes the scales of one of the Gadidae they are 
found to consist of a number of calcified scalelets arranged exceu- 
trically around a somewhat thickened and calcified " oentrum " or 
foyer" the sur&oe of which is smooth. All these calcified 
otruetares lie upon a fibroua basis, the periphery of which is 
tnmed upwards to become eontanttous with tne soale-pooket or 
** schuppen tache." The scale increases in size at its margin, that 
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is to say, that the fonnation of additumal calcified stntctoni 
takes place in the^ gnx>ve where the acale-pocket and the fibmi 
basia become contiDUoaa. Compariaon of the scales of diflfeniit 
genera and species and with those of the Qapeoida dm 
that thete is a tendency to a fasten of the scaleleta together w^ 
a disappeanmce of their projecting points, tendins to tern a 
continuous and smooth-smfMed calcified plate. Mofeoirer, the 
development of the scale is seen to take place in the more super- 
ficial la^er of the dermis, which is composed of elongated nodealed 
cells with ill-defined boundaries, and so closely set that I have 
spoken of it [4] as the ''nuclear layer." Beneath thia is a 
more fibrous-looking stratum with but few elongated nucld. 
Lyiog superficially to these two layers is the epidermis with iti 
mucin-secreting glands. The epidemus is rsadily detacbsd and 
usually absent in preserved specimens. 

If this account of the structure and development of the tel^ 
ostean scale be compared with that given by Beard of the genesis 
of the horny teeth of Fetromyzon, I think it will be seen thai 
there is more than a superficial resemblance. Beard says thsft 
" the mouth is lined by a thick stratified epithelium. Lying in 
the deeper layors of this epithelium, that is forming its be^is, one 
notices a somewhat symmetrical row of what, at first sight, looks 
like true tooth-sacs." "Though they possess a dental papilla they 
have no odoutoblasts." And again, "The papilla is mesoblastic 
[ol' rctirnlate c«mncctivc tissue], and upon it there rests an 
•eoauii'l epithelium ' which passes over ;i.s in other cases, into the 
outer epi! heliuin. Thp cuiious circumstance is that from the start 
the cuamui epiihi liiuu and the circular horn groove intu which it 
passes externally produce horn, and beynmi the imitation of a true 
tooth-sac in which, if ever present, the odontoblasts never become 
functionally active, there i.s no trace of true tooth structure ever 
produced in P^rumyzon plaiteH!* 

This description applies only to the teeth near the anterior 
margin of the mouth, those situated more inwardly "are formed 
siiii)»ly in the kusal lavers of the stratified epithelium, without the 
intervention of a tooth-sac." Now if we substitute for "stratified 
epithelium" what I have termed the "nuclear layer," the con- 
ditions appear to me to be almost identical. The true epidermal 
covering is extreuiely liable to be removed, indeed by merelv 
placing the freshly killed animal fish into a preservative tluid. thi^ 
layer becomes detached, and I have not yet seen it preiieaL m any 
preserved stock material. It seems therefore not unlikely that 
this layer, even if present in the mouth, when the animal is alive, 
may be similarly liable to beoome detscbed, and therefore that the 
true epidermal layer u absent in the specimens examined by both 
Beard and Warren. 
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If (hen the nuclear layer be taken as homoloffous with the 
atniified epithelial layer, we find that the caldned aeales are 
developed in the deeper layers just as are the homy plates. In 
the fonner case the odls immediately above the scale give rise to 
the scale-poeket, while those immediately below, to the fibrous 
basis of the scala Both the scale and the horny plate continue 
to grow at the periphery, is^ where the subjacent and superficial 
lajyers of cells become continuous, the hom-groove of Beard. This 
gives precisely the picture of the development of the more in- 
wardly placed teeth of Petromyzon " without the intervention of 
a tooth«sae." Towards the edges of the mouth the skin becomes 
oonugated, involving the cellular layer and giving rise to the 
appearance of a tooth*sac, in the interior of which would be 
included the deeper or more fibrous layer of the dermis forming 
the mesoblastic papilla of reticulate connective tissue. Such a 
buckling up of the cellular layers would give rise to the conical 
homy tooth, the centrum of the scale corresponding to the apex 
of the tooth. Just as the centrum is the first part of the scale 
to be formed and continues to grow centrifugally, so Warren [3] 
states that the proceas of coroification proceeds firom the apex 
downwards. 

If the above suggestion be correct then the horny teeth must 
be regarded a-^ pnreiy dermal structures and not epidermal as 
Beard thought. The scales of the Teleostei I believe to be 
dermal in origin, and therefore the horny plates would be homo- 
logous with the calnified portion of the scale and. if the homology 
may be pushed, possibly also to the dentinal layer ot true teeth. 

Upon this assumption as to the primitive origin of the tooth- 
sac it follows that the downgrowth of the oml epithelium in 
tho«e cases in which it persists, for example in maiiinials, to form 
the enamel organ is a secondary feature. This is a point of some 
practical importance. The difficulty in deciding whether to rely 
on the shape of the dental papilla or on the contour of the enamel 
organ, where, as is so frequently the case thr two do not cmiik idc, 
has presented itselt to everyone who luiB worked at the evolutma 
of the cusps m the mammalian molars. From these considerations 
therefore the form ol the dental papilla would appear to be the 
niore reliable criterion. 

With regard to the chemical nature of the materials composing 
the homy teeth and the scalelets I know of no exact analysis, but 
it may be pointed out that after the latter have been decalcified 
with an acid, there yet remains an organic basis probably of the 
nature of Collagen which is an albuminoid, as is also Keratin. 

The peculiar character of the tooth succession in Petromyzon 
seems to me to present no very great difficulty. The imbrication 
of the scales of the Teleostei^ each enclosed in its own scale- 
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pocket, causes the wall of the pocket of one scale to lie partially 
subjacent to the auperpoeed 8cue« If bj a little crowding, aiicb 
as would be cauaed by the involution into the mouth, the super* 
position became complete instead of partial, then there would be 
precisely the same relative position of parts as is shown by Beard 
to exist in Petromyion. 

The above hypothesis seems to me to be also quite compatible 
with the main mcts, as given by Beard and Warren, of the stme- 
ture and disposition of the teeth in Myxine and Bdeliostoma, In 
these animals the conditions have become somewhat more 
specialised, the dental papilla better marked and its cells more 
difforentiated to form the so-called " odontoblast cone/' If such 
be the case, it furnishes further evidence in fitvour of the oorrect- 
ness of Httzle/s view that the Petromyaontidae are the most 
primitive among the Cyclostomes. 
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PROG££DIKQS AT THE MEETINGS HELD DURING 

THE SESSION 1905—1906. 

ANNUAL GJiNERAL MEETING. 
October ZOth, 1905. 
In the Oayendish lAbontoiy. 

Paofmboe MAnmALL Wakd, Prisioiiit, nr m Obaiii. 

The following were elected officers for the ensuing ^ear ; 

Fr^sideni : 
Professor Marshall Ward. 

Viee-FresuienU : 

Professor TbognBim. 
Dr Baker. 

Dr H. J. H. Fenton. 

Mr H. F. NewaU. 

Mr A K Shiple7. 
Mr E. W. Barnes. 
Mr P. y. Bevaa. 

OUm Memben of the CaumU: 

Mr D. Sharp. 
Ftofenor Lanuor. 
Mr W. 0. D. Whethaiu. 
Mr G H. F. NutUlL 
Mr F. H. Neville. 
Mr S. Ruhemann. 
Dr AndepHon. 
Mr A. Hutchinson. 
Mr F, F. Blackniun. 
Mr H. W. Richmond. 
Mr F. G. Hopkins. 
Mr A Barker. 
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The following wm elected ma AaMNa»te of the Society : 

J. L»by, Noil CoilegiAte. 

The foUowing Gomimiiiuaitioiis were made : 

1. On ft well-sinking et Graveley near Huntingdon. Bj O. Fim^ 
M.A., Jeens College. 

2. On n porteUeGold-leef Bleotronieler for lower hi|^ polieBtiiK 
end lie epplieaiion to meeeorementa in ntuoBpherie elMtneitj. 

0. T. R Witaoir, H A.» Sidney Soesex College. 

3. Contributions to the knowledge of the Tetrazoline-Group^ Bj 
S. RuHRMANN, M.A., Gonville and Caiaa College. 

4. The action of Radium and other Salts on Gelatin. ^ W. A. D. 
HuDOB, M,A., St John's College. 

A snggeetion as to the nature of the " walnut " comb in Fowk 
By W< Batmok, M.A., St John's CoUflge and B. a Punvn, UM, 
Gonrille and Oaius College. 

6. The absenoe ol laomeriem in tnhetitated AnmioninD Cbi* 
pounds. By H. O. Joirti, M.A.» Clare College. 



Nwmber 1S|A» 1905. 

In the Cavendish Laboratoiy. 

PaontsBOR LnmiG n tbb CIuik. 

The following was elected a fellow of the Society : 

F. J. M. Stratton, M.A., Gonville and Cains College. 

The following Communications were made : 

1. Polarintion phenomena in the BcUpae^ 1905, Angvat 90L Bf 
H. F. KiWAtA, M.A.» IVinity College. 

2. Suggestions for a theory of the Milky Way and the Clouds d 
Magellan. By A. R. Hinks, M.A., Trinity College. 

3 The EffiHJt of the Lunar Deflectinn of the Vprtical on Intitidt 
Observations. By B. CooK»ON, M.A., Trinity College. 
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November 27^ 1905* 



In the Optioal Laotnie Room. 

PR0FB880B MaBBHAJLL WaRD, PrUIOBHT, IN THB ChAIB. 

The foUowing wm eleoted en AaM)ci*te of the Sooiefy : 



The foUowiog were elected f eliowe of the Society : 

R. F. D'Arcj, MA., Gonvilie and Caius College. 
IL H. Look, HA., GonviUe and Oeine College. 
A. A. Robb^ M.A.y 8t John's CoUega 

The following Ck>mmuiiications were made : 

1. On some effects produced by Kanalstrahlen. By J. J. TkOMtOV, 
M. A«, Oavendisb Professor of Experimental Physios. 

2. Experiments on the retention of an electric charge by gases. 
By W. A. D. Kudos, M.A., St John's College. 

3. Note on the eftect uf liydrogen on the discharge of Eleotrieity 
from hot Piatinnm. By O. W. Richabdsom, M. A.» Trinity College. 

4. On Colour-inheritance in Rats. By L. Donoastbb, M.A., 

King's CoUega 

5. A preliminary Communication on the Hfe-histoiy of PkiMophora 
pertplanetae (Lutz and Splendore). By W. S. Perrin, BA., GkniTiUe 
and Cains CoUsgSb (Cosununieated by Mr A. £. Shipley.) 

6. On the Osmotic Pressure of AloohoUc Solutions. By P. 8. 
BlAM4>w, B.A.y 8t John's College. (Commnnioated by Profesm 
lliomson.) 

7. Two wheeb connected by an axle rolling on a rough horizontal 
plane. By G. M. K, Leoobtt, B.A. (Communicated by Mr G. 
Birtwistle.) 

8. A series of optioaUy active Nitrogen eomnonnds containing the 
Ally! group. By luss H. B. Tboius, and H. O. JomSi BLA., Clare 
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In the Cavendish Laboratory. 

FftomaoR Thomsoit^ Yicb-Pbesidbnt, ur tbb GsjaB. 

The following was elected an Associate of the Society : 

Jan Httbrecht^ ChriBt's €!oU^ 
The following was elected a Fellow of the Society : 

L. Humphfy, M.D., Trinity GoU^ 

The following CommunicatiuiiB were made : 

1. On the expansion of a gas into a vacuum and on the determi- 
nntion of the specific heat at constant pressure for gases. By G. F. C 
SfiABLB, Peterhouse. 

2. On the action of Radium and other Salts on Gelatin. By 
W. A. D. M.A., St John's OoUege. 

3. A noTol inatniment for iUuatrating the magnetic propertiit dt 
Iron. By A. H. FlAU, M.A., St John's Ck>llege. 

4. The Permeability of Iron in the colloidal state. By K F. 
BuBffoy and P. Phillips. 



F^lmiary 12<A, 1906. 

In the Botany School. 

Mr fEAHon Dabwix ih thx Gbaib. 

The following were elected Fellows of the Society : 

Baron A. von Hiigel, M.A., Trinity CoDaga 
H. A. Webb^ M.A., Trinity CoUega 

The following Communications were made : 

1. Notes on Cycads : with exhibition of a rare species acqoirod iff 
the Botanic Garden. By A. C SKWABn» M.A., Rmmannel CSoUega 

2. Bespiiation and Vitality. ByF. F.Blaokhav^ILA*, St JoWs 
College. 

3. Hybridisation of Barleys. By R. H. Bimui, M. A, Bnunannel 
Oollege. 

4. A comparinon of the results from the Falmouth Declination 
and Horizontal Force Magnetographs uu quiet days in years of san- 
spot maadmnm and minimnm. By C. Cbbu, ScD., King s College. 



Digitized by Google 



Proceedings at the Meetings. S91 

Februanf 2M, 1906. 
In the University Chemical Laboratoiy. 

Mb F. H. NmLLB nr tbb Cbaib. 

The following Communications were made : 

1. An indicator for strong acids and bases. By H. J. H. FertOII, 
Sc.D., Christ's College. 

2. (1) The action of acid chlorides of Aoetylenic acida on JLeUmic 
compounds. 

(2) The DihjdrotetrazineB. By 8. Bubbmahn, M.A.» Gtonville 

and Caius College. 

3. The velocity of transformation of Sugars by alkalies. By R. S. 
MoRRRLL, M. A., G<>iiTiUe and Gains College^ and A. £. Bii*laii8» B.A*| 

Magdalene College. 

4. The influence of very strong eleetro-magnetio fields on the spaik 
spectrA of (a) vanadium, (6) platinum and iridium. By J. £. PuayiBi 
M.A., St John's College. 



March V2ik, 1906. 
In the OavMidiih Laboratory. 

Db Fbnton, Vioe-Presidekt, in the Ohaib. 
The following were elected Fellows of the Society : 

H. Bateman, M.A., Trinity College. 

P. C. Gaul, M.A., Trinity Hall. 

W. 8. PerriD, B.A., Gonville and Caiua College. 

P. W. Wood, M.A., Emmanuel College. 

The foUowiag Communications were made : 

L (1) A theory of the widening of linee in the spectrum. 

(2) On the refleauon and transmission of the radiation from 
-■diMctiye substanoes. By J. J. TH0iiS0ir» M.A., CaTendish Professor 
wf ^perimental Physics. 

3. (1) On the asymptotic expansion of the integral functions 

5 x'^Tjl+an) 5 x^Tii^nS) 

n=o r(l-fn) ™ n%T{l + n + ney 

(2) On the asjrmptotic expansion of integral functions defined 
by generalised hypergeometric series. By £. W. Babnbs, M.A., 
Trinity College. 

3. A method of following the course of certain chemical actions, 
and a period of induction in the action of water on moDOchloraoetie 
acid. Bj P V Bevan, M.A., Trinity College. 

4. The Radio-activity of Metals and their Salto. By N. R. Camp- 
BHJ,^ M.A., Trinity Colk^ 

26—2 
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5. On • lelatioii between the velocity and the ▼olame of the ioni 
of oertein organic acids and baaei. By T. H. Labt and Q. A. Gaub. 
(OommitiiiGatod by Frolesaor Tbomaon.) 

A. A prdiimiiAiy note on the maiotie phenomen* in the eggs of 
the Hermaphrodite Angiotimimm mgro^tmtntm (itfeoHt iwy rwwuBee). 
By 8. A. MoDowAU^ B.A., Trinity College. 

7. On the reduction of the general ternary quintic to Hibbert's 
canonical form. By H. W. Richmond, King's College. 



ApHl SOCA^ 1906. 

In the Optioal Leetore Boool 

Mb J. J, LisTKB IN THi Chaib. 

The following Coramunications were made : 

1 . Demonstration of new apparatus for Psychological Teate. ^ 
y/. U. E. KIVSB8, M.A., St John's CoUege. 

3. On the measarement of the earth -air current and on the origin 
of atmoq>herio eleotridty. By CL T. R WiLSOir, BLA., Sidney gtiir 
College. 

3. A olass of Integral Equations. By IL BAvniAV, M.A.» IHnity 
GoOegei 

4. A suggestion as to the nature of the homy t^eeth of the Marti- 
pobranchii. By H. W. Marbtt Tims, M.A., King s Guilege. 



iToy lUh, 1906. 
In the Optioal Lecture Boom. 

Db F&NTOM LH THE CuAiH. 

The following Oommanieationfl were made ; 

1. (1) Xiie influence oi a strong electro-magnetic field on the 
spark spectra of palladium, rhodium and ruthenium. 

(2) Experiments on the band spectrum of nitrogen in a strong 
electro-magnetic tieid. By J. £. Pu&vis, M.A., St John's College. 

2. On the ionization of gases exposed simulteneonaly to Rfinigm 
rays and the radiation from raduKootiTe inbstanoee. By T. Noiu. 
(Oommnnioated by Professor Thomson.) 



Digitized by Google 



INDEX TO THE PROCEEDINGS, 
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Abortive development of the Pollen in certain Sweet- Peas {Lathyrus odoratut) 
(Qrboort), 148. 

Acid, Method of following the course of certain chemical actions, and a period 
of induction in the action of excess of water on monochlorauetio 
(Sevan), 

Acidchlorides of acetylenic acids on Ketonic compounds (Ruubmann), 213. 
Acids and bases, Indicator for strong (Fenton), 298. 

Velocity and the volume of the ions of certain organic (Laby and 

Cause), 28& 
Alpha rays, Electrification of, etc. (Thomson), 43. 
Ammonium Compounds, Absence of Isomerism in (Jones), 169. 
Angio9tomum nxgrovemtum {^^ Atcaris nigrovenota"\ Maiotic Phenomena in 

the eggs (M^^DOWALL) SOft. 
Arachnids, Exhibition of new and rare, taken near Cambridge (Warburtoh 

and Pkarce), 176. 
Arbbr, E. a. N., The seed-bearing habit in the Lyginodendrese, 158. 
AtearU mffrovenosa^ Maiotic Phenomena in the eggs (M^Dowall), 2Q& 
Atmospheric Electricity. See Wilson, C. T. R 

Atoms, On the vibrations of, containing 4, 6>, 6, 7 and 8 corpuscles and on the 
effect of a magnetic Eeld on such vibrations (ThombonX 39. 

Band -spectrum of nitrogen in a strong magnetic field (Purvis), 254. 
Barley, Crosses between fully fertile varieties of, etc (Biffen), 179. 
Barleys, Experiments on the Hybridisation of (Biffen), 304. 
Ba&ix>w, P. S., On the Osmotic pressure of dilute aqueous solutions, 229. 
Babnes, E. W., On the asymptotic expansion of integral functions defined by 

generalised hypergeometric series, 2&L 
On the asymptotic expansion of certain integral functions, 39L See 

Trantactiont, XX. 
Bases, Indicator for strong acids and (FentonX 29fi. 
Bateman, Elected Fellow 1906, March 12^ 3aL 
A class of Integral Equations, 392. See TramactionSy xx. 
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Bateson, W. and Punnett, R. A sugga^tion as to the nature of the 

"walnut" comb in FowU, lfi5. 
Bedford, T. G., Elected Fellow 1905, May 15, 173. 

Bellars, a. E. and Morrell, R S., Some compounds of Goanidine with 
Sugars, 79. 

Berry, A., Note on a property of orthogonal covanants of a binaiy 
quantic, &iL 

On certain Quintic Surfaces which admit of Integrals of Uie first kind 

of total differentials (Second Paper), US. See Trantaetions, xi. 

Bevan, p. v., Note on some physical properties of Sodium Vapour, 1^ 

A method of following the course of certain chemical actions, and a 

period of induction in the action of excess of water on monochlor- 
aoetic acid, 239. 

BiFFEN, R. IL, Elected Fellow 1906, Feb. 27, 117. 

CroHses between fully fertile varieties of Barley and varieties bearing 

unisexual and sexless flowers, 179. 

Experiments on the Hybridisation of Barleys, 304. 

Binary quantic. Note on a property of orthogonal oovariants (Berrt), 55. 
Blackmam, F. F., Respiration and Vitahty, 390. 
Blake, F. C, Elected Associate 1905, Nov. 27, 383. 

Bumstead, IL a., On the absence of excited radio-activity due to temporary 

exposiue to y rays, 123. 
Bdrdon, E. R., The Pine-apple Gall of the Spruce: a note on the early 

stages of its development, 12. 
Burton, E. F. and Phillips, P., Susceptibility of Iron in Colloidal solution, 

mL 

Campbell, N. R., Elected Fellow 1904, Nov. 14, 175. 

A null method of measuring small lonisatious, 122. 

The Radio-activity of Metals and their Salts, 202. 

Canal-Strahlen, Experiments on (Thouson), 212> 

Carse, G. a. and Labt, T. On a relation between the velocity and the 

volume of the ions of certain organic acids and bases, 268. 
Cats, Inheritance of TortoiBeshell and Related Colours in (DoncastrrX ^ 
Chittock, C, Elected Fellow 1905, May 15, 179. 

Chlorination of Methyl derivatives of Pyridine. Part I: 2- Methyl Pyridine 
(Sell), 119. 

Chree, C, a comparison of the results from the Falmouth Declination and 
Horizontal Force Magnetographs on quiet days in years of sunspot 
maximum and minimum, 390. See Tran»aci\07u^ xx. 

Clouds of Magellan, Suggestions for a theory of the Milky Way and the 
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Fowls, A suggestion as to the nature of the walnut" comb in (Batsson 
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(Mathews), 69. 
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Hybridisation of Barleys, Experiments on the (Bifpen), 304. 
Hydrogen through Palladiimi, the Diffusion of (Richardson), 2L 
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Inheritance of Tortoiseshell and Related Colours in Cats (Dokcasteb), 
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MANN), 313. 



Index, 



397 



Ketonic oompounda, Studies on unsaturated (Ruhemann), 7^ 
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planetae, Lutz and Splendore, ^^04. 
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Purvis, J. E., The influence of very strong electro-magnetic fields on the 
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The influence of a very strong magnetic field on the spark s))cctrll of 

palladium, rhodium and ruthenium, 32iL 
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field, 364. 

Pyridine, Chlorination of Methyl derivatives of. Part 1 : 2- Methyl Pyridine 
(Sell), im 

Quintic, (General Ternary. See Richmond, H- W. 

Radiation, Experiments on Penetrating (Cooke), IflO. 

Radiation from radio-active substances (Nod a), 35fi. 

Radio-activity of Metals and their SaHs (Caupbell), 282. 

Radio-activity, Absence of excited, due to temporary exposure to y rays 

(Thomson), 124, (Bumbtead), 126. 
Radium and other Salts on Gelatin, action of (Rudoe), 258. 
Rata, Inheritance of coat-colour in (Doncaster), 2Ul 
Recombination and the size of gaseous ions, The rate of (Thomson), 17Q. 
Reflection of Sound at a Paraboloid, Part 11 (Suarpe), 133. 
Respiration and Vitality (Blaceman), 390. 
Rhodium, Spark spectra of, etc. (Purvis), 326. 

Richardson, 0. W., Note on the Diffusion of Hydrogen through Palladium, 
IL 
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Seed-bearing habit in the Lyginodendreae (Akber), 

Seedlings of Peperomia^ Note on some peculiar features in (Hill), 20. 
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Sodium Vapour, Some physical properties of (Bkvan), 129. 
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Well-sinking, at Oraveley, near Huntingdon (Fisher), I8L 
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Wood, P. W., Elected Fellow 1906, March 12, 39L 
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